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FOREWORD TO THE TRANSLATION. 


‘ 


Of all the developments of German medicine arising 
during the late war it is probable that no other attract- 
ed as mush notice as the development of the Marknagel by | 
Professor Dr. Gerhard KUENTSCHER. This procedure was first 
made known to English and American surgeons through the re- 
patriation of prisoners of war who had been treated by this 
method. As it has been received by German surgeons when 
first announced, it was similarly observed with consider- 
able skepticism by the English speaking surgeons. Immedi- 
ately following the war's end this was one of the subjects 
looked into by medical investigators. Unfortunately there 
was not any considerable amount of clinivoal material avail- 
able for examination and evaluation at any given point, at- 
tention was focussed on other problems, the war with Japan 
was still continuing and it is no exaggeration to say that 
the subject was skimmed over somewhat sketchily. Subse- 
quently the subject fell into some disregard as being an 
untried innovation that still remained to be proven. The 
procedure was taken up by some surgeons and tried with in- 
different success because they were beginning at a point 
which failed to take advantage of the experience already 
gained over the preceding six or seven years. 


An investigation of the clinical experience with 
this procedure was one of the major interests which lead 
to the establishment of the Medical Section of the U. S. 
Naval Technical Unit, Europe in June 1946. Considerable 
field work had already been done before that time. It was 
felt that the greatest lack for English speaking surgeons 


was the inability to read and learn from the already pub- 


lished accounts - because they were printed in German and 
because they were available in only the most limited num- 
bers. Accordingly the first item on the agenda when the 
Medical Section was founded was the translation of the 


book on technic which had been prepared by Richard MAATZ 


of the Kiel Clinic. <A collection of reprints gathered 
from all over western Germany was studied and a represen- 
tative collection selected for translation with the idea 
of demonstrating the experimental and basic background as 
well as the special considerations of hazards and compli- 
cations along with the indications and contra-indications 
for the marrow nailing operation. This became Project II 
of the section. 


In the pursuit of that goal a series of five Folios 
have already been distributed in a limited number. The 
fourth and fifth of these were the review by Prof. Dr. C. 
HABLER of his results in the use of the marrow nail. Dur- 
ing all these years Dr. KUENTSCHER had contented’ himself 
with the publication in various journals of his experience. 
MAATZ, BOBHLER, HAEBLER and SOEUR have all published books 
on this subject. In the fall of 1946 after extended dis- 
cussions and strong urging by the Head of the Medical Sec- 
tion, Dr. KUZNTSCHER agreed to prepare his findings for, 


the U. S. Navy Medical Corps so that they could: be made 
available for the English speaking surgeons of the world. 


This task has been a long and arduous one for him. The 
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r mere circumstances of maintaining oneself in post-war 
: Germany are a full time occupation. In addition Dr. 
KUENTSCHER has conducted a busy practice under trying 
conditions in Schleswig, Schleswig-Holstein. Problems 
of supplies, of obtaining widely scattered X-rays for 
illustrations, of gathering together case histories have 
at times seemed almost insurmountable. Due to severe 
Shortages of material many of the views were made on 
sensitized paper and although they served the purpose 
of the moment they were completely unsatisfactory for 
“reproduction. Due to the severe bomb damage in Kiel 
and other cities many of the X-rays have been destroyed 
by fire or water or lie buried in the rubble. Some are 
-lost forever, some could only be indicated by sketches 
but whenever feasible photographs were made. To avoid 
any additional delay the translation of the manuscript 
was undertaken piecemeal while it was still in prepa- 
ration. This gave a rough preliminary translation which 
could not be completed until the illustrations were a- 
vailable for reference. X-rays could only be borrowed, 
photographed and returned. At this juncture the Head 
of the Medical Section was returned to the United States. 
The retyped rough translations have been transmitted to 
the U.S. for editing and returned for reproduction. So 
with Dr. ENTSCHER struggling with the preparation of 
| the manuscript in Schleswig in northern Germany, the il- 
oa lustrations being prepared in Heidelberg, the preliminary 
: translation being made in Frankfurt am Main and the second 
editing being done in spare time from another full time 
occupation in Boston, Massachusetts and then returned 
to Heidelberg for reproduction, it is very clear that the 
much desired close collaboration between author, trans- \e 
‘lator, illustrator and editor has been an impossibility. 
_ This has however, been only a mechanical separation for 
there has been no lack of determination, cooperation or 
- @arnest desire to bring this project to as early a suc- 
cessful conclusion as possiblee That objective now seems 
in the near offing. 
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It is fitting that this large task should be con- 
cluded with this exhaustive work by the man who is the 
father of the entire idea. It is believed tmt the rea- 
der will find in this last group of the series of Folios 
the answer to almost any cuestion he may wish to ask a- 
bout the marrow nail. The particular virtue of this work 
and that of HAEBLER is that there has been no glossing 
over of failures, no reluctance to admit mistakes and no 
Claims for the marrow nail as a cure-all for fractures. 

The orthopedist reading carefully this series of trans- 
lations can begin years ahead of where he would begin 
without having read them for they contain the full ex- 
perience and many observations based on thousands of 
cases. 
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For all the reasons mentioned before it is with a 
feeling of considerable satisfaction that this work is 
sent on its way. All those who have:-participated in its 

furtherance have felt keenly-the fact that it could have 
been done better if we all could have sat down together 
to work on it. Throughout the entire organization in- 

volved in this task there has been the constant feeling 

_ that here was a contribution to man's welfare that would 


pl 
he worl fering and ware pares be eqewpatin na erg In its” 
ent form there has been no financial gain to a single 
sar¢ ones in its preparation. Daiha is a tribute — : 


{ 


mS The limited number of pieine of the translation in 
this f orm wi 11 be delivered to the Research Division of 
Navy. Any- 
one interested in reading further in this series. of trans- 
lations should contact that office in Washington, D.C. 


HARRY J. ALVIS, : ce 
Commander, Medical | Co: 
U. Se Navy. 


PREFACE as 


This book was written at the suggestion of Commander 
Alvis, MC, Medical Corps, U.S. Navy, and I am greatly in- 
debted to "him not only es to this suggestion but also to 
his very energetic help in connection with the writing of 
the manuscript and its translation into the English language. 
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P This book was written particularly for American readers. as 
The progressive attitude of the people of the U. S. which oom 


characterizes U.S. science and research work and to which 
the U.S. owes her leadership in the world has from the very 
beginning and at all times been alert to make use of tech- 
en nical innovations. In contrast to the conditions in Europe, 
p the operative treatment of bone fractures is very common in 
_ the U.S. The technique of the marrow nail operation, to 
which this book is exclusively dedicated, demonstrates a Rat 
special. development of the operative technique of the treat-— 
ment of bone fractures and therefore this book should find 
a hearty welcome by U. S. surgeons and orthopedic surgeons 
because it will serve their interests. : ee 


At the same cies: however, this publication will be of 
greatest interest also for the patient, who, particularly 
in the U.S., is interested in leaving the hospital as soon 
as possible. By applying the Splpedipe ai described in this 


‘The marrow nail iicbacsen was invented and elaborated 
by myself in 1939, at a time when the war had already broke 
out. This may explain the slow spread of information con- 
cerned with this method in foreign countries. During the 
war it was mainly practiced in Austria, Somewhat later in 
Sweden, Finland, Russia, England, Holland, Belgium, Switzer 
lend and in Spain. In Germany, where this new method was 
disapproved in the beginning after it had been announced 
at the Surgical Congress in Berlin in early 1940, the new 
method spread widely, sometimes in a rather precipitate 
manner. The publication of a series of excellent books 
about this subject can be ascribed to this fact. We refer 
to the excellent publication by BOEHLER (Vienna), which a 
already in 1945 was in its llth edition, and the publica- 
tions by HAEBLER (Hannover). A new, more detailed edition | 
of this book will be published shortly. Furthermore [| nose 
mention the publications by SAEGESSER (Bern) in his manual 
of surgery, and the book about the marrow nail operation 

by SOEUR (Brussels). During the war the author of this 

_ book was not in a position to write a book of his own © 
about this subject, and the publication by KUENTSCHER and 
 +MAATZ mentions only his name. In reality that book was 
exclusively written by MAATZ. Besides this such a great 
-  . number of publications appeared in newspapers, so many . 
dissertations have been written and speeches made at 
Surgical Congresses that this author found it impossible 
to read all those publications because of the conditions 
eis in Germany wetmae and after. the ware Due < 
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these circumstances some useful contribution to this 
project may not have been evaluated at its true merit 
in this writing, and I therefore have to apologize 

for that. 


The treatment of bone fractures and particularly 
the marrow nailing operation require special skill, and 
therefore special consideration has been given to the 
description of the technique. I had to do that in order 
to help avoid errors, setbacks, and disappointments to 
all those who are not acquainted with this method. I 
had to undergo these experiences myself. From the very 
beginning, however, I must say that the practice of this 
method should be reserved only to those surgeons who are 

well acquainted with bone surgery and septic surgery be- 
x sides. Mastory of the technique of these ficlds is un- 
conditionally presupposed, 
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| The above mentioned publications deal exclusively 
with the technique to be applied and this writing can 
only be a supplement to them. Besides this, however, 

- the entire field of the marrow nail operation and its 
* scientific evaluation will be dealt with and it is ny 

; opinion that this circumstance justifics the publication 
_ of this book. I would like to thank not only my collab- 
«orators but all those authors who have contributed to 

r improving this method. I have to be especially thankful 
to Mr. E. POHL (Kiel) who has constructed the instruments. 
‘d necessary for this kind of operation. His inventive 

a prowess and energy made it possible to overcome most 
of the technical difficulties. 


Schleswig, February 1947 


G. KUENTSCHER 
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| Resume of the Monograph "The Marrow Nailing". 


In Chapter I the disadvantages and dangers of the 
hitherto own methods for the treatment of fractures 

are discussed. It is prdéved by some statistics that most 
of the disadvantageous effects after such treatment are 

due to the methods applied. This is particularly true as 
regards the prolonged immobilization of the limb. In 

order to obtain better results in the healing of fractures 
modern surgery particularly tries to counteract the harmful 
after-effects of the fixation. On the other hand, however, 
theoretical research work and practical experience as well 
have proved that a long lasting and stable immobilization 
of the fracture is absolutely indispensable for the bony 
bridging over of the fracture cleft. Otherwise we must 
fear the development of a pseudarthrosis due to.the failure 
of any bony healing to appear. Consequently the disadvan- 
tageous effects of such an immobilization with its serious 
damaging effects upon the musculature and joints must be 
taken into consideration. The art of treating fractures 
consists in finding a compromise between the immobilization 
of the fracture and the early subjecting of the limb to 


exercises to counteract the disadvantageous effects of the 


immobilization. The new method of marrow nailing, however, 
is no compromise but an amazing new solution of this prob- 
lem. The demand for fixation is fulfilled to 100 % and at 
the same time the desire for early motion of the injured 
limb is fulfilled in a way such as cannot be obtained, not 
even partially, by any other method. 


In Chapter II it is shown how effects of this kind 
can be obtained and how the fragments become strongly 
united immediately by means of a stainless steel nail 
which is inserted into the marrow cavity. Wabbling move-~ 
ments are no longer possible and the painfulness subsides 
immediately. Soon after the operation the limb may be 
Subjected to exercises because the splint is no longer 
required. The patient may get up early, and in this way 
the psychic and physiological disadvantages of long con- 
finement to bed are eliminated. At the same time the lo- 
eal blood circulation becomes better, muscle atrophy | 
and stiffening of the joints are avoided. By means of 
Some statistics it is proven that in practice a consider- 
able percentage of fractures may be treated according to 
this new method. At the same time the economic advantages 
are demonstrated. The period of treatment and hospitali- 
zation and the missed working days can be considerably de- 
creased. The other results obtained in this way as to 
restoration, shape and mobility of the limbs are demon- 
strated by the findings at late examination. Furthermore 
it is shown that in cases treated in this way the much 
feared edema of the leg does not develop. 


Chapter III is concerned with the biological and 
physiological principles of marrow nailing. In the be- 
ginning the function and construction of the bone is 
dealt with, and at the same time its reaction as to. , 
weight-bearing and strain is described. In case of an 
excessive strain, tension peaks occur at those spots at 
which harmful forces develop and at the same time we see 
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mechanically provoked bone and joint diseases. It is 
shown that first of all during the healing of fractures, 
damage occurs at those spots where harmful tensions deve- 
lop, and that in this way the development of a pseudarth- 
rosis can be explained. It is shown that those harnful 
forces are kept away from tho fracture cloft by means of 
the marrow nail. Furthermore, for the first time it is 
possible to exclude even the slightest wabbling movements. 
Thus from the biological point of view the marrow nailing 
must be considered to be tho most favorable :mcthod. 


In the second part of Chapter III the physico-chemical 
processes developing in the fracture cleft are described in. 
detail and at tho sam time the reasons for the development 
of callus and the healing process. It is shown that even 
in those cases in which the entire marrow was destroyed 
and tho marrow cavity was filled with metal a healing of 
the fracture is obtained and that by the chemical irrita- 
tion of special marrow neils a formation of callus can be 
obtained even without a fracture. 


In Chapter IV the dangers connected with the new 
method are considered. The. results obtained in aninal 
tests have been confirmed by the results of thousands 
of nailings in humans. No noteworthy impediment of the 
formation of callus can be demonstrated, and at the Sane 
time general damages to the organism are not to be feared. 
This later is proved by statistics concerning the blood 
pictures. Thon the local damages to the bone by the metal 
of the nail arc described, furthermore the processes deve- 
loping during tho fracture, the breaking of the nail and 
the wandering of: tho marrow nail. Ina series of examples 
and statistics the dangers of cmbolism and shock are dealt 
with in detail and at the same time the measures taken 
against them ere mentioned. It is proved by statistics 
that the danger of an cnbolus is not greater than with 
other methods. Finally, reference is made to the danger 
of infection in marrow nailings. It is proved that that 
danger is considerably less than in the operative treat- 
ment of the. fracture, because the marrow nail is inserted 
into the marrow cavity through a small stab incision which 
is located at some distance from the fracture site. The 
symptoms and the course cf the bone infection in marrow 
nailings is described and several examples are given. 

The ring sequestrum is the typical sequestrun cf faulty 
marrow nailing. | 


In Chapter V the technique of marrow nailing in 
Simple eotecs is described in all details and numerous 
exeanples are referred tc. Then wo deal with the indica-~ 
tions for an operation of this kind. It is shown why 
closed nailings in children should be mace only excep-= 
tionally despite the fact that statistics concerning 
nailings in children prove that such an operation has 

no particular harmful effect upon children even in those 
cases in which the nail penetrates the line of growth. 

The most essential advantages of the nailing are of no 
importance in children. Then we deal with the suitabi- 
lity of fractures for marrow nailing and come to the con- 
clusion that every fracture is suitable for marrow nailing 
in which an absolutely stabile union of the fragments can 


be obtained with the marrow nail. The stability of such 
‘ a union depends on the location of the fracture, on its 
shape and finally on the anatomical conditions. The 
armamentarium necessary for the nailing operation is dealt 
i with in detail and at the same time all those instruments 
necessary for reduction which are referred to in literature. 
Finally we have to deal with auxiliary means for reduction. 

In another part of this chapter X-ray apparatuses are de- 
oe scribed in detail and by means of detailed statistics it 
- is shown that the dangers developing from this aspect are 

- eonsiderable not only for the patient but also for the . 
~~ surgeon, and that these dangers can be eliminated by simple ~ 
auxiliary means. Despite the good statistics regarding we 
Rs infection a particularly strict asepsis is required for 


ae this operation and is described in detail. Finally we 
deal with the selection of the appropriate anaesthesia iy 
and the correct selection of the length and thickness of u 


In the second part of this, chapter special consider- 

ae ation is given to the nailing of the femur, the subtro- 

- chanteric and pertrochanteric fracture, the fracture of 

the forearm and the arm above the elbow, the fracture of 
the collum chirurgicun, the clavicle, and fracture of the 
finger. For all these cases the ghape of the marrow 
cavity is described in detail as well as the appropriate 
position of the patient during the operation, the shape 
of the nail, its insertion, and finally the further course 
with the mistakes and dangers to be encountered in each 

of the different operations. Reference is made to nune- 
rous examples. After that the removal of the nail is 
described, furthermore the instruments for the extraction, 
the method for locating the nail head and finally the ex- 
traction of the nail itself, the sawing through of the 
nail, the removal of broken nails, and finally all possible ~ 
mistakes and dangers developing during these different : 
operations. . 


Rs he treatment of the bone itself. Many . 
a / advantages of the new method have proved their value in 
» a large number of cases, first of all the absolutely 

— gtabile union of the fragments and the possibility of a 
- subjecting the limb to carly exercises and weight bearing. . 
- Apart from this it is shown that the nail does not Sinply 
+ Yeplace the screws, wires, etc. which were used in the 


ey 
mete: 


_. previously known methods. On the contrary we have to | 
': deal here with an entirely new biological method of oper- 
ation and that is: preservation of the periosteum as far 
as possible because the nourishment of the bone depends 

|  ilargely on it. In this way quite different healing re- 

» , sults are obtained and the danger of infection has de- 

'  ereased. This is due to the fact that poor blood cir- 
culation in a bone hampers its defense forces against 
infection. But also in those cases in which an infec- 
tion has already occurred, the respective consequences 
will not be so serious because sequestrum formation is 

not observed. With this new method the operative in- 

_ cision is kept as small as possible, which is of greatest _ 

- importance also from the physico-chemical point of view. 

_ Any operation causes an acidification of the tissue which — 


Chapter VI is concerned with the application of the 
metho eyon 
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to obtain a secure and accurate shortening of the two 
forearm bones as proposed by HENLE for cases of ischemic 


-to deal with an adduction, flexion, or abduction. At 


row nail osteotomy in case of bandy legs and knock knees, 
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of the bone for the lifetime of the patient. In this way 
pelvic casts are no longer required and irradiation is 


with the marrow nailing method are compared with other 
methods. 


fected fractures. In general the healing results ob- 

tained with compound fractures are much more unfavorable 

_ because of the very frequently observed secondary healing 
whith is due to the marked acidification of the tissue. 


is the stronger, the larger the operation. That acidi- 
fication may be so strong that the conditions developing 
in this way may be compared with those in a secondary Cy 
healing. After that wo deal with the indications for eR 
osteotomy and the method to be used in case of a nailing. 
Theanthe different marrow nail osteotomies are referred “ 
to in detail as well as the technique to be applied, — Tike 
their dangers and the mistakes which are often made in - ons 
this connection. Numerous examples are given for that. 
We deal with the marrow nailing of 1) fractures with the 
fragments in bad position, 2) fractures which have healed | 
in bad position, and 3) fractures with delayed healing 
or which have not healed at all (pseudarthrosis). Then 
it is shown how to shorten and lengthen limbs. Only in 
the lower extremities should lengthenings be made where- 
as the upper extremities should in general be shortened. 
For the first time it is possible to obtain lengthening 
in a secure and simple manner by using marrow nails. A 
shortening of the limb should be made in case of gunshot 
wounds, and also in those cases where due to defects of 
vessels and nerves a lengthening of the damaged leg 
cannot be performed. For the first time it is possible 


contractions. According to the theoretical considerations | 
referred to in chapter III marrow nailing is the method i 
of choice for the treatment of pscudarthrosis. In pseud- — 
arthrosis of the lower extremitics the simple marrow 
nailing will suffice whereas in the upper extremities Nhe 
additional methods must be applied which are described ree 
in detail in connection with the forearm and the arn a 
above the elbow. Many examples are cited to demonstrate 
the advantages and disadvantages of these methods. Then 
we deal with the marrow nailing operation in case of de- 
formities of the bones; in the first place in connection 
with the subtrochanteric osteotomy. Then reference is — 
made to different methods according to whether we have 


the same tine PAUWE's subtrochanteric osteotomy with the’ 
marrow nail is demonstrated. Then we deal with the mar- 


with the supracondylar osteotomy and the use of the nail 
in foot deformities. After that non-malignant and malig- 
nant tumors are described in connection with the nailing. 
In such a case the nail is able to restore the stability 


very much facilitated. Finally we deal with the prophy- 
lactic marrow nailing in the imperfect osteogenesis and | 

Many examples are given for that. At the end of this , 
chapter detailed statistics of the successes obtained 

with the osteotomy are given and the results obtained 


Chapter VII is concerned with the marrow nailing Re. 
of compound fractures, fresh gunshot fractures, and in- ‘ 


| Chapter VIII is concerned with the use of the method 
in connection w the fixation of joints. also here the =~ 


@losed and open nailing. Also in case of an open nailing, as 


the new method shows creat ndvantages. In much the same way — 


finger joints and some examples are given for that. ea 


Serious injury to the musculature, joints, nerves, and 
vessels are observed. After that we deal with the re- ; 
sults obtained in dog tests and then the application of the 
method to humans. Statistics prove that also in this 

field the marrow nail method can compete with the pre- 
viously known methods. In the following chapter we show | 
the application of the new method in fresh fractures ahd 
HEIM's, BOEHIER's, and this author's methods are described 
in detail. Many statistical references are made and many 
examples are given. Finally we have to deal with the 
nailing of already infected fractures. Here, in this 
field, the advantage of the absolute immobilization of 

the fracture cleft with the elimination of all waddling 
movements is fully realized. Then we deal with the use 

of the marrow nailing in septic infected fractures, in 
suppurating fractures, and fistulating pseudarthrosis 
during the quicscent phase in which eclevated temperatures 
are not observed and the blood sedimentation rate is 
normal. Here extremely favorable results are obtained 
despite the fact that so far Penicillin has not been 
available. The end of the chapter is concerned with aa 
the use of Penicillin and Supronal in marrow nailings. Reet 


marrow nailing shows good results which is due to the fact 
that with the insertion of the nail the joint becomes stiff 
and at that very moment it is no longer painful. Also this 
operation can be made in such a way that the joint need not 
be opened. A stab incision distant from the joint is made. — 
The incision is snall and consequently even weak patients 
can be subjected to such an operation. Furthermore we have ~ 
the advantage that external splints are no longer required. 
In many cases however this closed nailing does not suffice 
to obtain a bony bridging over of the joint. Thus in a 
second operation which is made later the joint must be de- 
stroyed by means of KIRSCHNER's splitting etc. Also here ~- 
the operation is small. The following part. of this chapter 
is concerned with the open and closed marrow nail arthrodesis 
of the joint. By the use of an angulated nail the knee joint 
is fixed in a slightly flexed position. The indications are — 
doalt with. in detail and some examples are given for the i: 


‘ 


for instance because of a knee resection due to tuberculosis, — 


we deal with the arthrocesis of the shoulder, elbow, and | 
ankle-joint. In many cases it will be possible to eliminate — 
incomplete flat-foot anc splay-foot positions. hy 


Chapter IX is concerned with the marrow nail arthro- 
Mlasty. in this field the nail has a double function. In ive 
connection with the formation of a new joint the nail has not 
only to be a gliding plane but at the same time it must be t 
puidine mechanism for the joint movement. We do not however 
dispose of much experience in this special field so that this — 
chapter is of only theoretical significance for the time bei) 
Great hope however has to be attached to this special field 


for the future. After a description of our animal tests we 


deal with the arthroplasty of the hip and elbow joint and 


Chapter X is concerned with the attitude of the patient 
the ‘surgeon towards this new method. | ae 


will be applied much less frequently in the future. 


late the proper cause of the processes, cnd-divine and 


“there. must have existed the beginning of emergency medi- 


of the peritoneum, g21l bladder, stomach (ulcer), pleura, 


lutely causal. So for instance by treating the cancer 


certain bacterin dircetly and we can take it for granted 


CHAPTER I 


Lotroduction 


The oldest ficld of mecicine is tho treatment of 
accidental wounds. Here, in this speciul field, the cause 
and the effect of the disease are readily recognizable and 
are not hidden behind some other condition, as is for 
instance liver or kidney disexses. Concernins these 
latter diseases, mediciul science recosnized only very 


other causes, or even diabolism were blaned for their 
development. Attempts made to help the paticnt by pray- 
ins, by sacrifices, or even by witchcreft. In case of 

an accidént, however, it is more obvious to look for a 
"causal treatment" and it is a matter of fact that, even 
considering the primitive means which were available, 
such a treatment was quite possible. So in the ages past 


cine and in antiquity and in primitive nations a highly 
developed emergency medicine is readily traceable. The 
science of surgery haG gained recosnition with other 
ficlds of medicine only lately and it has reccived its 
ereatcst emphasis only in modern tines with the know- 
ledge of antisepsis, asepsis, and anaesthesia which have 
rendered all parts of the human body accessible to treat- 
ment. For many types of ciseases tho surgical treatment 
is the mothod cf choice and at present surgery is at its 
penk. The fields dominated by modern surgery will in 
the future bocome less important again and principally: 
those now in the forefround will be limited consicerably. 
These days the main activitics cf the surgeon are: The 
treatment of tho malignant tumors of the stomach and 
intestinal tract, of the chest, brain, of the oxtrenitics, — 
and the cure of inflnanmetory processes in the appendix, 
tendon sheaths, of the perspiration slands, etc. In 
most of the cases tho surgical treatment is not abso- 


of the rectum the agont of the carcer which is still 
unknown cannot be approached but the entire rectum must 
be removed anc the abseess opencd. Sulfonamides and 
Fenicillin are modern means at our disposal to approach 


that all these means will be still further developed 

in the future. After that the panaritiun will no longer 
be incised, but we shall administer bactericidal drugs 
and one day, let us hope, mankind will have available 

a "drue" against malicnant tumors. Then surgery will 
look quite different, for the entire field of so-called 
"major sursery" will no longer exist. We, the Surgeons 
Shall not complain about that. Tumor surgery and the 
sericus mutilations inflicted by it are ugly: The ex- 
cision of the entiro larynx, the excision of the breast 
with the tleaning out" of the armpit, the amputation 

of the rectum with tho application of an artificial 
anus on the abdomen, the exarticulation of the hip with 
the removal of the pelvic bone. All the inzeniously 
invented and wonderfully developed operative methods 


7 


Similar to the conditions prevailing today, the cituation 
once was the same conccrnings the removal of the tuberculous 
i lymph nodes of the throat. The situation will not differ 

go much with regard to tho operative troatmont of hernia, 
of congenital malformations of the bedy ete. The main. )\i3 ms 
task of all surcery will be the science of first aid ee. 
practice, i.c. that field from which surgery originated. 
Tho oldest field of medicine will one day be the great 

future. 


Mi These days, however, surseons are obliged to ceal 
a much more intensively with the practice of first aid 
because of the war with its enormous number of injuries, 
a great many of which still exist today. In this special _ 
+ field - as in all the others - the surgeon is confronted 
- ... with problems which very often are as difficult as those 
Caused by the treatment of tumors. an osteotomy may be 
ae much more complicated than the resection of a tumor of 
the colon or of the pancreas. Therefore the prospective 
a development of surcery will require much more:of the 
surecon regardinz his capacities as a medical doctor, 
eo, artist, and scientist. All possible progress in this 
i ficld is worth mentioninz and this book is dedicated 
» » to this purpose. . 


= In the forerround of first aid stands the treatment 
. of bone fracture because of the seriousness of its 
Clinical picture and its consequences and because of 

its difficult treatment. 


; Bach treatment of fracture must on principle 
consist of keeping the fragments in good position 
for whatever period of time is necessary to enable 
the body to bridge over the fracture cleft by bone. --— 
The olcest method for ‘that purpose is to apply an -— 
_ external splint which in seneral extends beyond both 
> joints adjacent to the fracture site. The unpadded 
- cast of BOEHIER is most suitable because it best fits 
the injured limb and therefore it represents the most 
' certain means of keeping the fragments in good position. 
c Great dangcrs arc, however, connected with the 
- fixation: An atrophy of inectivity of the musculature 
_ may occur which must be ascribed to the immobilization 
» of the limb. The stiffening. of the joints depends on | 
Heeene ace of the patient and on the duration of the, ©... °« 
fixation. BODHIER asserts that in simple fractures ah 
@ plaster cast applied in the correct way prevents a ae 
. Pa ouine of the joints and accordins to the results 
of animal tests made by LOEWENSTEIN even a long lasting 
fixation will not result in a stiffening of the joints. 
Therefore, it must be concluded that other causes must 
be taken into consideration. It is my opinion that the © 
acidity which develops in the tissue due to the mecha- ae 
nical inflammation caused by the fracture is of utmost fit 
importance. This acidity is stronzer in those cases 
of a connective tissue proliferation < after operative 
_. trauma or even with infection in cases of secondary 
ane. 3 (See Chapter III). 


tt be Haass matter of fact: boueeen, that in practice, 

even in simple fractures, considera .ble stiffenings may 
occur after treatment with a plastor cast. The tondons 
ie “adhoro to their sheaths. 


Even the blood circulation of the fixed extrenity 
is considerably involvec. We know how important the 
- musculature is for the return transport of the blood 
into the veins. The constant change of the contents 
of the skin vessels no lonzver exists because the innu- 
merable minor stimuli of the skin caused by changes 
of temperature, movements, touching and change of pressure 
in the cast are nearly completely blockeca off. The con- 
- sequence of all this is the edema which, despite appro- 
'. priate treatment, often lasts many years. | 


Not only the injured extremity but also the entire 
organism shows impairments which must be ascribed to 
the fixation. Particularly in case of fractures of the 
‘lower extremitics the strictest confinement to bed - 
in most of the cases even in a supine position - is re-. 
quired. This means a damazing effoct upon the general 
blood circulation with which is associated the danger 
of the development of pneumonia, thrombosis, embolus, 
etc. ft the same time there exists the danger of 
Gecubitus and necrosis due to arterial compression, 
and this is also due to the fixation. Also in these 
cases old persons are much more endangered than young 
' people and, last but not least, we must not forget 
= the psychic stats caused by prolonced confinenent to bed. 


. Statistics prove how great these dangers are, and 
I would like we refor to some statistics published by 
BOEHLER :. ; 


> According to the report of the Ministry of Interior, _ 
_ Vienna, the following number of persons were awarded | 
i "poraanent pensions from tho "Workman's Insurance Companies | 
fZainst Accidents" in Vienna and Lower Austria: 


Femur fractures; 89.2% had a aihead serena 4217% on an aver, 
Les fractures 80.7% GOR. Ne 

- Upper arn fractures 78.1% 

Forearm fracturcs 62.0% " 


ot Those statistics incaude All the accidents between : 
1907 and 1911 which were insured by the Workman's Insur- 
ance Company against Accidents. 


2 In 191h, THIEM, who is a etd “dusiaeio expert, 
has published a summary of his investigations which 
includes the following insurence companies: Fund for. 

the Benefit of Toor Miners, Industrial Trade-Union, and 
Agricultural ‘Laborers: 


of 428 femur fractures 289 Rr ph received Cnt ASAD » awards 
" 2443 leg fractures 983 = ” | 

6369 fractures of toth 

SERGE forearm bones” 143 


In 1929 TUETZ, published a sunmary of the results made 
in 100 fractures by the German timber trade union. He 
observed that . 


of 47 thich fractures “4 7=100% received contindisab-awards: eS 


+" 66 leg fractures. S2= 96% i" 1 a 
* 37 upper arm fractures 36= 97% " eae i" Sig 
" 41 forearm fractures 37= 80% " t" Mae. 


In all these damazes it must be taken into consideration - 
that the ereater fart of them are not due to the accident 2 
but to the treatment, i.c. to the fixation. In most of 
the cases pensions are not paid because of a bad position 
of the fragments but because of stiffening. of the joints, 
muscle atrophy, etc. 


“ Damages of that kind are treated by the so-called 
after-treatment (physical therapy, exercises, massage), 
which in many cases lasts much longer than the treatment 

. of the fracture itself. (Compare fisures published in 
Chapter II). Therefore the after-treatment is very 

? expensive. It requires much experience and skill and 

in many cases it is more pa inful than the care of the 
fracture. itself. Nevertheless in many cases it will 
not result in a complete restoration because many of 
the above mentioned damagzes are irreparable. 


The aim of modern therapy is to keep danaces by 
fixation at a minimum by fixing as row. joints as  pOBet ats 


is contrar Te he first 
he stabile immobilization of 
oO T fe he first principle 
eee tniss the fulfillment of the second principle. [In 
~ orcer to achieve an uncisturbed healing of the fracture 
_ the immobilization of the limb must be as exact as possible 
"- eS will be described in Cetail in chapter III. For the 
: Same reason immobilization must be maintained until a 
- final healing is achieved as BOEHLER has pointec out in 
_ his publications. This means in cases of thigh fractures 
— an immobilization of at least 9-10 weeks. | 


< ’ 


» 


The above mentioned first principle is indispensable 
- for the healins “of the bone. The second principle, 
however, must be net in order to prevent a damaging 
effect upon the muscles, joints, and vessels. 


The art of tre: ‘ting fractures consists in finding a, 
a compromise between the two contrary principles. So 

we see some moceration as ‘to the fixation of radius 

meres rncouros. The dorsal plaster Splint is attached in 

i Such a way that the finrcer and elbow joints are freely 

» moveable. The fixation is not absolute of course because 
the plaster cast does not fix the bone and the soft 

> parts are between the bone and the cast. <A couple of 

- days later the cest does not fit snu;ly cue to the re- 
Sorption of edema anc hematoma. Furthermore the fixation 

ais not permanent because the fixins cast must be chanced : 

several times curing the treatment. Fixation and movement 

are unitec in BOEHLER's plaster jacket for the treatment 
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of fractures of the spine. A considerable decrease of 
the principle of fixation is noticeable in the traction 
method in which mistakes are frequently observed in con- 
nection with the first mentioned principle. On the other 
hand in the operative treatment of bone fractures this 
principle is often too much considered. Here the fixation 
is achieved not only by means of screws, plates, wires, 
etc., but an additional plaster cast must be applied 
because the above mentioned means alone do not suffice 

to keep the fragments in place. In this method other 
damages are to be observed in addition and at the same 
tine the danger of infection exists. The hematoma which 
is so important in connection with the healings of the 
fracture is removed. The periosteum is separated more 

or less from its nourishing vesscls and the connection 
between the bone and the pericsteum is separated, etc. 

In this connection the rericsteun is most important for 
the formation of. callus (Chapter IV). 


A good compromise is the nailin: of the neck of fonur. 
The union achieved by the nail which consists of three 
lamella (accordinz to the principles of Smith-Petersen) 
is stabile enough. It is not immovable because the nail 
is lying in the sponzy bone tissue. Weight bearing how- 
ever is possible 6-8 weeks later. (Some authors have 
however no objections to subjecting the injured limb to 
weight bearing after a lapse of 2 weeks). Through the 
completion of the method by JERUS«~LEM and IVEN-JOH..NNSON 
the nailing of the neck of the femur is not handicapped 
by the mentioned serious disadvantazes of the operative 
treatment because the nailing operation is made "cxtra~ 
articularly", i.e. without opening the fracture. 
* The new method of marrow nailing must be considered 
as an ideal solution of the problem in question. The 
"ideal" marrow neil operation is no compromise but a 
100 4 fulfillment of both principles. 
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CHAPTER II 


General Data about the Marrow Nailin 


the principle of the marrow nailing operation 
consists in the use of a stab incis sion some distance 
from the fracture cleft anc the insortion of a steel 
nal e@ marrow-na 1ail wwe KS into “the ) harrow ow cavity of 
the broksn bone. The stab incision is sutured sates the 
nail. In this way the two major principles of modern 
treatment of fractures are fulfilled at one time aeanien 
the fact that they are contrary to each other. This ful- 
fillment is so complete that no other methou offers 
Similar success. 


By using steel, the union of the fragments is so 
stabile that the fixation alone suffices to resist the 
strons forces of the musculature and the cynamic forces 
acting when the injurcd limb is used. Therefore an ad- 
ditional plaster cast is not required. The fracture is 
"nlated" from within anc thorefore a true "stabile osteo- 
synthesis" is obtained. 
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Illustration 1. Example of the marrow nailing of a thigh 
fracture 
before the marrow nailing 
immediately after the nailinz 
shortly before the extraction of the nail 
after the extraction of the nail 
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aces ce this way the eee of an ‘ml abercusued im- ae es 
mobilization" as longs as possible is fulfilled 100% because ere 
the marrow nail is kept in the bone until healings is : 

achieved. . ‘ 


. The union is so stronz that the limb may be subjected 
- to exercises immediately i.e. as soon as possible and 

< restrictions must not be made in this connection. Thus 

: the second principle is fulfilled and in such a way as 
has at no time previously been considered possible. So, 
a3 for instance, a patient who suffered a thish fracture was 
’ able to get up and to walk without a splint a couple of 

Re Gays later. The unhampered movement is started a long 

Ls time before the fracture cleft is bridged over by bone, 

‘ even before the least beginning of callus formation is 
observable. 


This means that the so-called "after-treatment" with | 
massage,,heat, etc. is not necessary because it is super- 
fluous. The damacses resulting from the fixation such as 
atrophy of the muscles, stiffening of the joints, etc. 
do not occur at all. Even the injuries of a prolonged 
confinement to bed which are so much feared with 014 people 
q do not occur any more; impairment of the general circulation 
with the danser of the development of pneumonia and at the — 
same time of decubitus. Even the circulation within the 
' extremity is not hampered. This may explain why in 
_ marrow neiled leg fractures edema is less frequently ob- 
' served which in many cases treated otherwise creates such 
_  & complicated situation that many months and even years 
' are necessary to heal them. Even after the lapse of a 
m. ilong period of time they may not subside. This is all 
the more important when takins into consideration that 
edema always occurs after the use of plastax casts. and 
the traction method. 


- Finally, the psychic influences upon the patient moses 
© be considered. When using the marrow nail method a patient | 
»  sufferine a thich fracture is relievec of the depressing — 
_ feeling of being confined to bed for 10 or 12 weeks in a AS a 
_ ~~ +supine position. In this way he no longer thinks of himself 
as being seriously injured and there can be no doubt about ~ 
» the favorable influence on the psychological factors as-~ HRY 
'  #£sociated with the healing process. For a surgeon who has ) 
treated many thich fractures it is a ereat satisfaction 
to see how patients who have suffered thigh fractures are 
lying in bed in a normal lateral position “without pains, 
_ sometimes only a couple of hours after the nailing opera- © 
_. tion anc to observe them movinz the limb a very short ae 
_ time later. The pains at the fracture site subside due 

to the stabile fixation. ‘We know that contrary to a luxa-— 
tion, a fracture is painful only when moving the limb and 
movements of that kinc cannot be prevented even when a ‘ 
plaster cast or traction treatmcnt is used. All this is 
of special importance in connection with changing the 

bec, use of the bedpan, etc. 


: The nursing care of the patient is considerably 
facilitated and shortoned because the pay sene may get 


“There is no ‘othor method , no matter whether it ce 
conservative or radical, by which the fragments may be ies? 
held in position so stronly. Even in the unpadded tight- 
ly fitting plaster cast considerable movements of the © 
fragnents against one another are possible because layers — 
of soft parts lic between the cast and the fractured bone 
which may bo shifted more or less. In ense of the thigh ~~ 
these soft parts have a diameter of 20 - 25 om. with the 
: diameter of the bone being only about 3 cm. Furthermore y 
> we must consider the hematoma and the edema. If these. | 
subside a couple of days later, and when the unavoidable §_ 
-. atrophy occurs, the conditions for a possible displacement 
are much more favorable. In comparison to other methods, © 
ioe the traction bandage is the least suitable for keoping 
_'. the fragments in place. , | ; 


The fixation of the fragments is so enormously strong © 
that even the slivhtest wobblins movoments, the so-called — 
millimeter-movenents" sre completely absent. This is of 

“at utmost importance for the healing of the fracture. In 

a Ene cleft: of cach fracture a young germinatins tissue 2. 

grows and to its greater part it is formed by periosteum  — 
aS a preformed connective tissue bone. be 


; The periosteum alone cannot achiove that. The callus ~— 
is constructed by the bone substance because of the sti- 
mulatins effect of the trauma. The marrow nail itself ee 
may also stimulate that effect eithor chemically or Be 
mechanically. In this first phase of the healing process — 
a shifting of the ion equilibrium to the acid side takes 
place due to the mechanical inflammation resulting from 
the trauma and the decay of tissue. | This is not observed 
later during the sccond phase in which the callus becomes 
basic. At that moment the deposition of calcium begins 
and the callus becomes stronger. This young bone and 
particularly the growing callus are extremely sensitive 
to even the slightest harmful mechanical strain. If in 
the fracture cleft the distraction forces, or those which 
equse lateral cisplacement, prevail, a bony healing of 
ths fracture cannot be expected and a pscudarthrosis 
will develop;which causes the failure of all our efforts 
(Chapter y YS Accorcins to these theoretical conside- 
Yations and also according to our practical experiences, . 
' pscudarthroses are more frequently observed with the Mine: 
traction method. With the use of the marrow nail, however, 
Gallus may develop completely unhampered and well protected 
_ against harmful mechanical forces. This may be well ob- © 
served microscopically as was proved by GRIESSMANN and 
- REICH in animal tests. Due to the wobbling movements in 
' the cast or traction bandage the bone spicules represent 
a badly arranged system whereas in the case of marrow 
mailing all spicules run absolutely systematically "as if 
they were drawn by use of a ruler". In case of a success- 
ful marrow nailing a pseudarthrosis will not occur and 
_ consequently the marrow nailinz method is the method of 
- choice for treatinz a pseudarthrosis (Chapter IV). 
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i The complete ed absolute immobilization of the frag- 
ep  Nents is of utmost importance to prevent the development 
of an infection or its spreading (Chapter IV). Therefore 

_ this method may also be applied to the treatment of com—- . 
; peouns erase and even to gunshot fractures Hate VII) Beer 
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-@ “covered nailins". The stab incision is made at some 
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In this connection it is important that the immobilization 
of the limb is not interrupted by extracting the nail if 

a suppuration develops. It has been proven that the sup- 
puration is not caused by the nail, on the contrary, in case 
of an infection the wounds above the nail heal quickly 
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and foreign bodies of immense proportions heal in as soon & 
as the sequestrum or the abscess of the soft parts (which a 
caused the inflammation) is removed. In such a case the as 
fracture cleft as well as the nail insertion site must Gs. 
be kept open in ordor to facilitate the draining off of aren 
the pus. The marrow nail acts as a drain which drains E 
the bone from the inside. We must take into consideration a. 
however, that this tube is made of steel and that it is oS ja 
lying in the marrow cavity. It has been proven by ex- an 
perience that in the long run the presence of the marrow aa 
nail in the marrow cavity has no harmful effect on the Mas 
healing process. (es 


In simple fractures an infection may easily be avoided ie 
by the fact that only a small stab incision is required 3 aw 
for insertion of the nail. Necroses of the soft yarts and. Bak 
buried suture lines are not frequently observed 


The nail must be inserted, so to: speak, precutaneously 
and the fracture site must not be exposed, Therefore the 
nailing is described as a "percutaneous marrow nailins" 
or "closed marrow nailins". BOEHIER and HARBLER call it 


distance from the fracture cleft (30 centimeters and more). 
Therefore an infection of the fracture cleft occurs less 
frequently than in fractures treated operatively. Accord- 
ing to the statistics of REICH, injuries caused by infection 
are less serious in nail treated fractures than in fractures 
treated conservatively. <All this must be ascribed to the — 
fact that fractures treated with a plaster cast or traction 
method are not spared the hazard of infection because of 

the suppuration of decubitus spots and the infection of 

the wire insertion sites (Chapter IV). 


This advantase does not exist of course when using — 
the marrow nail with an osteotomy (open method) because 
in that case the bone or the fracture cleft must be ex- 
posed. The advantace of the absolute stability of the 
osteosynthesis and the possibility of subjecting the Limb. 
to early movements do prevail however. The marrow nailing Yas 
is of greatest advantace in those cases in which corrections ae: 
must be made in deformities acquired by accident, disease, a 
or in congenital deformities. Only by use.of the marrow nail 
method do several surgical interventions become useful opera- 
tions, as for instance the lengthening of the lower extremi- 
ties or the shortening of the forearn. ee 

The nail does not simply replace the hitherto known 
screws, wires, plates, etc., but we have to deal with a 
new principle "an the technique of the osteotomy. It is 
quite possible to abandon v. LANGENBECK's principles of 
the subperiosteal operation. The separation of the 
periosteum, for instance, is urgently required for the 
application of LANE'*s plates. The vessels necessary for 
the nourishment of the bone are located in the periosteun 
and greatly contribute to the formation of callus. When 
applying the principles of the marrow nailing, however, 
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damage to the periosteum is avoided because it need not 
be separated from the bone and the surrounding muscula- 
ture because the fragments are united from the inside 

of the -bone (Chapter VI). 


} 


Consequently the operation in question is only a 
small operation. This fact is very important because 
each damage of the tissue by an operation means a further 
‘shifting of the ion equilibrium to the acid side. When 
considerins the fact that such a shifting takes place 

anyhow, because of the existence of the fracture, we 
| have to deal with an accumulation of disadvantageous 
effects which may result in the development of such acid 
vallues as we usually find only with secondary healing and 
its associated effects upon the soft parts (SCHMIDT, e 
GOETZE, and BRACKERTZ). 


The marrow nail operation has proved its value also 
: in connection with the intentional artificial stiffening  — 
of the joints. <A small stab incision suffices to get an © 
-immediate absolute fixation of the joints. 3 


Some research work has already been done to forn 
artificial joints with the marrow nail (Chapter IX). 
On the other hand the new method has proved its value 
in spontaneous fractures which are due to inoperable — 
tumors and metastases. <A healing of the disease could 
not be obtained but its main symptom, the fracture, could 
“be éliminated even in those cases in which there is no 
hope for a bony bridging over of the fracture cleft. 
For the rest of the patient's life the nail replaces 
the mechanical funtions of the bone. For a long period 
of time the patient may even live under the impression 
of being healed. In any case the patient need not live 
with a dirty pelvic cast for the remaining months or 
years of his life, and this is particularly true in all. 
those cases in which - as usual - , the tumor is located 
 gubtrochanterically. On the other hand there are also 

better conditions for heliotherapy (Chapter VII). 
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ce In the two latter cases mentioned above the nail 
_ must be left in the bone. In all the other cases it : 
' must be extracted after a lapse of some. months, i.e. after — 
_ the healing (Chapter V).. ; 
All this means that the field of marrow nailing 
_ extends far beyond the treatment of fractures into the_ 
_ field of surgery and orthopedics. Transverse and oblique 
fractures of the shaft belong to the limited field, 
compound fractures of the upper extremities are well 
_ suited for the nailing method, compound fractures of 
the lower extremities, however, are only exceptionally 
_ suitable (Chapter V and VII). Fractures of the joints 
or near the joints and fractures of the short flat bones 
are not suitable for nailing. In order to underline the 
importance of the marrow nail method I would like to 
refer to the following publication by EUFINGER, HERZOG, 
and HENCK of the University of Kiel: © 


ey Yok Kgs & wey one. 1,125 cases of © 
Of this number, 755 fractures 
‘must 08 legs gah al because in all these cases we were not 
dealing with shaft fractures but with fractures of the 


Spine, radius fractures and fractures of the joints, 
fractures of the neck of the femur and the head of the 
tibia. We excluded also portrochanteric fractures de- 
Spite the fact that fractures of that kind may also well 
be treated with the marrow nail method. At the same time 
fractures of the head of the arm above the elbow which 
now are also frequently nailed wero not ino laced in the 
statistics. 


Consequently we have to deal with 1,125 less 755. - 370 
fractures, 155 of which were treated with the nail method 
and 215 of these cases were unsuitable for various reasons 
including 50 fractures in children. In children younger 
than 14 years treated conservatively, a stiffening of the 
Joints or general or local injury of the circulation are 

not observed so that the most important advantages of the 
marrow nail method are not important in these cases and 

it is applied only exceptionally (Chapter V). Furthermore 
36 cases had to be excluded from the very beginning because 
they came to fatal terminations within a couple of hours g 
or days after the accident and a few cases were not included 
for various reasons (fractures of the joints or near the 
joints, serious shock, etc.) to which reference is made 

in the followin: statistics: 


"Abs the Kiel Midi from Fanuary Ast 191i): to 

May 1st, 1946, 204 cases out of 370 capes of 

fractures of the long Shaft bones were not nailed 
for the following reasons: 


Reasons / Thizh Leg Arm Fore- Total — 
in above arm ane 
elbow 
Fatal termination a few hours 
or days after the patient was 
hospitalized because of secon- 
dary injuries or shock 14 
Primary amputation 
“Serious shock or other injurics 


‘Skin infections or suppuratine 
wounds of the extrenity 


Joint fracture 
Praature near the joint 
Comminutea fractures 
Osteomyelitis 


Fractures in children sion 
than 14 years 


Interruption of the nailing 
operation because a reduction 
was not pense Ae 


“Infraction (incomplete 
fracture) 


- Nailine operation refused 


‘Information no lonze 
estie 


The union of the fragments obtained by the marrow 
nail is enormously strong. It depends on the thickness an 
of the nail of course and its diameter must correspond |= 
to the diameter of tho marrow cavity. The thigh nail Rak: &. 
_ is considerably thickor than the leg nail and conscquent- 
ly its stability is also much stronger. (This refers to 
the different mechanical properties of the marrow nails 
with regard to the different bones). The resistance of a 
nailed fracture to forces causing lateral displacement 
amounts to seversl thousand kilozrams. It is a matter 
of course that this power of resistance will in no case 
be exhausted or surpassed because the forces normally 
erising there amount to only a fraction of this amount 
even if tho thigh is subjected to strenuous use. The 
resistance of the nailed fracture against angulation 
depends on the shape of the fracture. It is considerably 
stronger than the stableness of the nail itself. The 
bone acts as though lashed to the nail by virtue of the 
fact that after the neailins the fracture cleft is only 
a fraction of a millimeter wide. When angulatings a nailed 
fracture the fragments must be pulled apart in the axial |. 
cirection of tho nail. In this case the tension of the | 
entire musculature of the limb must be overcome which may mY 
amount to Several hundred kilozrams because the flexor (ee 
and extensor as well as the adductor and abductor all act 
in the same direction, i.c. in the axial direction. At 
_ the same time, howevor, the friction of the nail in the 
» marrow cavity “must be overcome, which during the first ¥ 
_ weeks may also amount to several hundred kilograms ts 
a Bete to the relation of the dianeter of the nail | 
to the diameter of the marrow cavity. 
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The resistance acainst angulation of the thigh nail 
‘itself anounts also to several hundred kilograms, accord-— 
ing to its lencth and diameter. Its resistance against 
ane culation is therefore very great. In general, values 
of that kind can be observed only in tho thigh when , 
gumping from high altitudes. 


2 The resistance against displacement of the fragments 
in tho axial dircetion of the nail is in general very 
considerable and it depends on the relation of the dia- oa 
meter of the nail to the diameter of the marrow cavity. ee 
Therefore tho nail should be as wide as possible because c) 
the union of the fragments obtained by the nail is strong=- 
€st. On the other hand, however, a nail which is too wide 
‘ange render the nailing operation in naaeee 


a2 This is the only possibility for a failure of a_ 
Marrow nailing (excerting those cases in whic e 

. fracture is. unsutiable for the nailing operation due 
o the location of the fracture site or the. shape of 


the fracture or the site of an osteotomy). 


‘These possibilities may be excluded from the very 
sinning by careful study of the X-ray. Consequently 

1 those cases in which the marrow cavity is too narrow ia 
uld be exempt from the nailing or a thinner nail should 


be used and consequently we must forego early ambulation | 
in these cases. A4t the clinic of Kiel the marrow nalling 
was used in every case. We rather preferred to use a 
thinner nail, which, however, was necessary only in three 
cases of thich fractures. The surprising thing is that 
in adults the marrow cevities of the thigh and of the 
arm above the elbow are all about the same diameter, 
wherens in the les consicerable variations are found. 

The marrow nail should forge a stabile union with the 
marrow cavity. 


When we started marrow nailing the nails were con 
structed somewhat wedge-shaped so that they tapered in 
the direction of the nail tip. Later on we found out 
that this tapering was superfluous. The twoe-lanella nail 
has sreat advantases in comparison to the three-lamella 
nail. Its diameter is V-shaped. The two sides of the 
spring-like "V" are pressed together during the insertion 
into the marrow cavity and in this way the nail fits the 
different diameters of the merrow cavity. The manufacture. 
of these nails is considerably less expensive than the 
nails for the neck of the femur which are machined fron 
a solid piece of metal because the latter must be manu- 
factured by the millins process. The thickness of the 
sheet metal used for marrow nails is 1.2 - 2.2 mn. accord- 
ings to the thickness end length of the nail required. 

The force with which the bone fragments are held together 
in order to avoid displacements in the axial direction 
depends largely on the lenzth of the nail. Jn adults” . 
the nails are 23-42 om. long according to the location 

of the fracture. The nail should. extend at least 6-8 cn. 
' into the distal frazment. In knee arthrodesis, nails of 
' 60 up to 65. cn. lensth are required (Chapter NEI). The 
em force required to insort the nail in the axial direction 
is multiplied considerably in the transverse direction. 
We must, however, subtract the friction which is likewise 
- considerable. The marrow cavity is not a Simple cylindri- 
~ Cal tube with smooth walls, but it shows numerous irregu- 
» tarities, projecting spots and edses which must be over- 
_ come when inserting the nail and which cive the nail its 
» strone hold in the cavity. 
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In general the hold of a freshly inserted marrow nail 
- is considerably stronger than a nail for the neck of the 
_ femur due to the following facts: 


ya 1. The marrow nail is located in the extremely hard 
and barely flexible compacta tube whereas the nail for 

mb the neck of the femur is surrounded by the relatively 

_ soft spongiosa. — ‘ 


a 2. Due to the fact that it is V-shaped the marrow 
'. nail which is somewhat flexible, forges a stabile union 
_ with the bone. 


ae The nail for the neck of the fenur is kept in 
place by the friction of the spongiosa of the neck and 
ae head which is shifted aside. 
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In all cases the marrow nail is considerably 


ahs Be S| ‘many cases the marrow nail is A inSWhot ancu- 

Vi aeed gy pean the nail for the neck of the femur is 
straight, (exceptions from the latter rule are only those 
cases in which the nail becomes somewhat angulated because 
‘of faults in the material). 


The marrow nail is not only clastic in the transverse | 
but also in the Llonzitucianl direction because of its 
V-shape. 


In thich nailins operations the inflexible nail is 
no obstacle if the marrow cavity is somewhat anzculated. 
TI would like to point out once more, however, that the 

 "  oniy obstacle to be overcome is the disproportion of the 
diameters of the marrow nail and of the marrow cavity. 


KUENTSCHER has called this new method "narrow 
nailing" and he does not want to use the word "boltins". 
Duc to the above described elastic forces the fragments 
‘are kept togethor in much the same way as a carpenter's 
nail holds two pieces of wood tosether by elastic forces. 

_ Only in this way is it possible to protect the fragments 
- against displacement which is quite different from the 
bolting method, 


Marrow nails are made of V2A steel, the only metal 
able to stand the hich mechanical strain to which it is 
subjected. The strain upon the nail for the neck of the 

' femur is much greater of course. The nail for the neck 
' of the femur stands more or less vertically to the lines — 
of force and consequently it is subjected to those forces 
causing lateral displacement and angulation. 80, in cases 
of early weight bearing we sometimes see fractures or an- 
gulations of the nail. In case of a marrow nailing the 
strain upon the nail is less because it is not subjected 
to so much force causing lateral displacemont and angu- 
lation and furthermore, it lics in tho dire ction of the 
hietanes of force. In tho thigh, concitions are very favor- 
» able for the insertion of a straight inflexible nail which . 
May be driven in from the trochanter. In the arm above 
_ the elbow and in the loc the marrow cavity must be ex- 
‘posed laterally above or bolow the fracture site by means 
moor 8 drill and through the hole made in this way oa flexible 
mail must be driven in. 


| It is obvious thet one can fix a broken tube-like 
“dvocy by inserting a stabile stick. From the technical 
point of view this method re presents the strongest re- 

union possible. In the first place, however, this offect 
ie <9 much more easily obtained than by applying: a short 
sleeve which in orcer to srant good stability must fit 
precisely in the cross-section. in inserted stick, how- 
pets need not fit that precisely. 


Be Even by using steel such a stabile device can oe 
_ ‘be inserted into the marrow ear sty if it 18 able to hold 
the frazments together without additional support. Such 
device must be “of pometaedanis size if it is to rant. 
pe ot ent stability. 
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It is characteristic for this method that - almost 
automatically - ideal reduction is obtained and in most 
of the cases the former anatomical form of the bone is 
restored. In general such food results cannot be obtained 
by other methods which can easily be proved by the numerous 
illustrations published in Chapters V, VI, and VII. We must, 
however, not attach too much importance to this point because 
a healing with a lateral displacement of even as much as the 
width of the shaft is of no importance. The most essential 
part, however, is the correct axial position because according 
to BOEHLER ansulations of the thigh bones of 10° may cause 
disturbances of the joint functicns. 


Geonomic advantages 


From the economicel point of view marrow nailing is 
better than all the other methods. This is true not only 
with regard to the duration of hospitalization but also 
to the duration of disability and the number and 
amount ofdisability awards. HAEBLER was first to publish 
statistics concernin: the economic advantazses of the new 
method. 


BOEHLER who is well known for his excellent results 
has, in 1929 and 1934, checked 14 of his own cases of 
simple thiczh fractures which were treated either by means 
of plaster casts or traction bandages. All patients were 
members of the Workmen's Insurance Company against acci- 
dents and the time of treatment amounted to 240 days on 
an average. In 18 patients who had suffered thigh frac- 
tures and who were treated in other hospitals by order 
of the same insurance company the treatment lasted lonzer, 
even 340 days. 


In HAEBIER's cases of thich fractures which were 
treated by means of the marrow nail method the time of 
treatment lasted only 53 days on an average, in the last 
three cases only 35 days. This means that when taking 
‘a daily allowance of 5.-- RM per patient as a basis, 200- 
300 days of hospitalization or 1,000 to 1,500 RM per 
patient were saved by the insurance company. 


In BOBHLER's own cases of thich fractures which were 
treated by means of plaster casts or by the traction method 
the disability lasted 627 davs on an average, while in the ceases 
coda in other hospitals. it lasted even as long as 1819 
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In HARBLER's cases of thish fractures which were 

treatec by means of the nail method the duration of 
disability lasted 97 days on a maximum. [In that cuse 

une time required for the extraction of the nail (the 
patient was 60 years old) is included. In comparison 
to BORHLER'’s cases which were referred to above, the 
results obtained by HAEBIER rerresent a saving of 14 
years. 


In only 5 out of 18 cases of thigh fracture treated 
by other methods in other than emergency hospitals was 
the decrease of the capacity to earn. a livins less than 


rai as Ril ana ehabteeios) | That ‘is a ese 
do In only two patients was the pis latins 
Gareistoly restored. 


411 cases of thich fractures Acasa by HAEBLER 
were free from symptoms. The conditions were similar 
in leg fractures and in fractures of the arm above the 
elbow. 


The results obtained are gummarized in the following 
statistics: | ve 


Table IT 
Economic advantages of the marrow nail method 


Simple thigh fractures 
Oe Plaster cast or traction bandage: 


Duration of Lost working Permanent — 

treatmont on days on an disability aang 

ah average . averaze 8 
(days) 


Cases treated in : 
‘emergency hospitals 24.0 627 


Treated in other than ° 
emergency hospitals BaD: 1, GE9" 


3. Marrow nailings: 


Duretion of Maximum loss Permanent 
treatment on of working pensions. 
an average. days 

(days) 
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Table II: Comparison of the duration of treatment, 

: lost working deys and pensions in cases 
of simple thigh fractures. Admittedly 
good statistics (by BORHLER) and marrow 
nail statistics (by HAEBLER) were used. 


Publications by H. GRIESSMANN anc W. SCHUETTENME YER 
fron the clinic at Kiel show similar results. 


ase ante thich Heeee oka! treated with the marrow 
noil method the period of hospitalization amounted to 
‘only 40 days on an averare. In Simple leg fractures 
the period of hospitalization amounted to 34 days on an 
averace. In this Calculation is included one case of a 
most serious arthrosis of both ankle and knee joints 

(120 days) and 2 cases of delayed formation of callus 

with secondary healing (120-150 days) which influenced 

the statistics unfavorabiy. Without these three unfa- 
vorable cases we have to deal with a hospitalization of 

29 days on an average. The hospitalization in the clinic _ 
itself amounted to ten days only and after that time it : 
would have been. possible to release the patients for Poe 
ambulatory treatment. Because of the constant air-raids, : 
however, the patients preferred to be brought to an 
auxiliary hospital, outside Kiel and they stayed there 
2h days on an average (respectively 19 days for leg frac- 
tures). Late examinations could not be made because of 
the conditions of war. 


For the same reasons only 22 out of 42 patients who 
suffered simple leg fractures could be examined once more. 
18 out of these 22 cases or 82 % were free from symptoms. 
In the remaining 4 cases we had, first of all, to deal 
with a woman patient who suffered an arthrosis deformans. ~ 
Secondly a 65 year old patient suffered pains at the frac-. 
ture site 14 years after the operation. Objective swell- 
ings of the soft parts and a muscle atrophy of 24 cm. of - 
the leg were observed. Besides these symptoms he suffered 
from an anklebone fracture so that an additional plaster  — 
cast had to be applied. The fracture had come to a bony 
healing. In a third case we had to deal with pains which 
were not due to the nailing operation (varicose veins). 
Objectively there were no Symptoms of a disease. In the 
fourth case with a fracture in the lower third a stable 
osteosynthesis could not be obtained (see Chapter V). 

- Also in this case we had to deal with an additional ankle 
fractures so that the application of an additional plaster 

cast was indicated. Five months after the accident the 

late examination proved that the fracture was clinically 

healed. There did exist, however, Slight disturbances 

of cirailation in the leg. 


The late oxam’narien of the leg fractures proved in 
none of the 22 Gases (with exception of the one case in 
Which a méasurabi< feasieabis wuecie atrophy existed) did a limi- 
tation of the respective limb exist. With exception of 
ae the two Cases moaned above no abnormal edema of the — 
. soft parts or other disturbances o @ blood circulation 

were observed. . 


| In the 180 fractures of the arm above the elbow the 
duration of hospitalization amounted to 11 days on an 
pore. In all cases a bony healing was achieved. 


Laté examinations revealed that with the exception 
of one case nov even the slightest im ediment of neigh- 


3 
Oilnts or muscle atrophy existea. 


2 That exception refers to an 87 year old patient ; 
whose shoulder rotation was limited to </3 who, however, — 
was able to cut wood every day. | eae 


ae, In 10 out of 16 forearm fractures the radius and 
the ulna were broken. In 6 out of 16 cases the fracture ~— 
site had to be exposed because of the difficulties encoun- 
tered with the reduction. In most of the cases we had to © 
| deal with old fractures. The period of hospitalization 
amounted to two weeks on an average in all simple frac- 
tures. In all cases.in which the fracture site was not — 
exposed it amounted to only 5 days. Many PEnrenne resuaee sy 
light work.7 days later. | 


se With only one exception all cases came to a bony A 
| healing. In that case we had to deal with an ulna frace 
- . ture in a locksmith who four weeks after the accident had 
"resumed heavy work and broke the nail which event must be 
blamed for that failure. 3 N 


sg In. ond tase the formation of a large bridge callus was. 
Y observed’ so-that forearm rotation was entirely. eliminated. — 


es ae bridge’ callus was removed operatively and_a fat lobe wa 
: nserted. After that the rotation was possible though (eon- = 


siderabl se 8 ca haga 
wale th yoar old patient who could be naised only 


10 days porate “he accident because of shock, many wounds 

were observed .1 his face. After one abscess in the face 
had drained off an abscess of the nail insertion site was 
observed one mon.h after the marrow nailing (Chapter IV). 
After that disturbanccs of circulation of the soft parts © 
and qa Sudek-atrophy of the forearm bones were observed. — 
The fracture came to 2 bony healing, however, the rotation 


of the wrist was limited. In ell the other patients the 
late examination reverled that muscle atrophy and Limiva- 
‘a YR a AT. 


In no case did the insurance companies pay any “pensions 
“The 60 year old woman mentioned above was not entitled to — 
receive. any award. In the patient with the fracture of _ 
the nail the treatment had not yet come to an end, because 
a second nailing operation was indicated. There is no 
ae that he resumed working too early. 


In comparison to statistics on the conservative 
treatment, the period of hospitalization in cases treated 
by the marrow nail is much shorter even in compound frac- 
tures and the employability is restored more quickly. 
_ In this connection I would like to refer to ais te wi VII 
_ about marrow nailing of simple fractures. 


‘CRAPTER hate 


“me Biological and Physiological Background 
of Marrow Nailing. 3 


When studying a new method for the treatment of bone 
fractures it is absolutely necessary to study its influence =~ 
on the healing process in the fracture. A bone fracture is 
healed as soon as the fragments are bridged over by stable - 
bone (callus). This "bridge" must be built by the body it- — 
self - a very complicated procedure. . The only thing we can > 
do about this is to help.the body by seeing to it that the 
fragments are in good position, furthermore that all dis- 
advantageous effects are prohibited and any: impediments 
that develop are eliminated. These are the decisive facts 
when considering the therapy. We know that the young tis- 
sue developing in the fracture cleft may be hindered so 
much my certain harmful effects that callus does not de- 
velop. This means that the fracture does not heal and at 
the end of our endeavors we have a pseudarthrosis. 


* 


pes 


~~ 


Furthermore we know that the same damaging effects 
may even cnuse the destruction of sound bone. The know- 
er of these processes in adult bones is of special im- 
portance in connection with the understanding of the pro- 
cesses te antes rer in the callus. ) a 


Ae _Anstomy and Function of the Bone. 


The main function of the bone system is to grant a 
_ strong frame for the body. Each bone is constructed for 
_ pressure and has in part to fulfill static functions. In 
— most cases, however, those bones are supports on which the ~ 
». traction forces of the muscles act. In this way, by the ~ 
traction of a Singic muscle and at the same time by the : 
total muscle mass surrounding it, the bone is subjected to 
strain in the longitudinal direction. In this case the. 
» traction forees act'in such a way that the bone is sub- 
jected to pressure which must be considered to be acting 
at the joints, This type of strain is known to technicians 
as "Zerknickune" (a force tending to produce destruction by 
angulation; as a bridge girder buckles under an excessive 
load, a bone will fracture with angulation). The press- 
ure of the muscles is much stronger than the static strain — 
_ of the body weight. It is well known. that a precise move= 
\ ment of a limb in a joint requires a simultaneous action of  ~ 
the antagonists so that strong forces causing pressure are 
. Be teres. O. FISCHER for ins stance obs served that the force 


Bates.” Nekordtins to ins gt pe of KULTKRANZ that 
ressure amounts to 20 - 21 kilograms, if the weight to be 
ifted cquals 2 kilograms. In comparison to this the . 
namie strain of the body weight on the bone when running — 
jumping is of minor importance. It is a matter of 
vourse that the bone also has to resist all possible ob- 
lique or transverse forccos acting on the bone and it would © 
d an too if 2 had another shape. Its function and Pe 


ore detormined only by tho maximal by the maximal 
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The Deformation of the Bone when under Strain. 


Despite the fact that the bones are the main framework 
of the body we must not come to the conclusion that the . 
bone itself is an absolutely stable structure. On the con- 
trary, every function of the bone presses the bone together 
and causes its deformation. Dus to the fact that the bone 
is absolutely elastic it regains its former shape as soon 
as the strain on it is below the limit of elasticity. If 
that limit is surpassed, the bone will break. The deform- 
ation of the bone is very slight and amounts to only some 
fractions of a millimeter. Due to the fact that these de- 
formations are so slight it has so far not been possible 
to measure them on the bone itself. In order to get an 
idea of the deformation the anatomist W. ROUX constructed 
some rubber models and covered them either with paraffin 
or stearin. AS soon as the bone is subjected to strain 
the cover shows clefts at the spots of strongest impact. 
The disadvantages of this method are absolutely clear. 
It is not possible to construct a rubbor-model which fits 
the bone because we cannot model the inner bone. 


Therefore this author did not use rubber models, but 
bones decalcified by acid. During the decalcification pro- 
cess the bones become so soft that the deformetion was much 
more marked, This was oasily noticed at the spots of im- 
pact. Furthermore we succeeded in impregnating those detal- 


ation of the trajectories inside the bone were also quite 
visible. (Illustration 2) 


a Illustration 2 © b 
Decalcified bone impregnated by metal salts. 
a) norma (KUENTSCHER ) b) under strain 


This method as well as that of ROUX is characterized 
by the disadvantageous fact that the deformations appear 
- too marked so thet we cannot find out the true deformations 


ley ene De 


‘sult of its small expanaibility, fissures appear in the coat- 
-ing. These fissures, or cracks, which appear as soon as the © 


bone equal in length, even if it originates froma juvenile 


the hand it is most amazing to see the bone suddenly covered 
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of the bone under strain. These deformations are so ex~ 
tensive that even the points of application of forees are 
shifted in relation to each other, Besides that we are 
interested in finding out the true amount of deformation 
and so it can be put to practical use. In 1914 HANAUSEK, 
when dealing with ROUX's method said: "The best method 

to determine the deformtion and the forces causing de- 
formtion is to use living bone. The difficulties encoun- 
tered in this respect were however insurmountable so far". 


_ fhe author studied all available technical methods es 
in order to find a way to apply it the bone in order to eh 
pe able to show the real deformation of the bone when it Oo 

Ss subjected to strain. Finally he came to a method de- Hey 
veloped by DIETRICH and LEHR ..nd which is used in aircraft 
construction and wich seemed to suit best. Amazingly 
enough this method is somewhat similar to ROUX's method. 
Finally the author developed the following method: 


The bone to be studied should be coated with a special 
varnish, synthetic resin or resinoid. This coating has a 
high adhesive pawer so that it is not detached from the 
bone if the deforming force exceeds the limit @ the elas- i 
ticity of the bone. The elasticity coefficient of the coat- 
ing is considerably greater than that of the bom, while its ~~ 
tractility (while subjected to bending) is very small. If 
at any place of the bone surface traction is exerted which 
cannot be withstood by the firmly attached coating as a re~ 


burden placed upon the bone exceeds a certain limit value, 
are traction cracks. After a large number of thorough in- 
vestigations the author found that liquefied resin proved 
best. With this material it is possible to demonstrate the 
above mentioned properties by preparing a thread of 2 Me | 
length, this can easily be accomplished by stretching out 
the liquefied material. Such a thread breaks if it is be- 
ing increased in length by traction; this happens when the 
expansion is 0.2 mm for 2 Me or 0.001 mm for a distance of 
1 mm. Thus it is quite possible to mke the experiments 
with the smallest possible weights, i.e. with such a strain 
which occurs normally. On the other hand the coating is so 
flexible that it can follow any bending of the bonee A 
piece 20 cm. long and 1 mm. thick may be bent so much that Sue 
a semi-circle is formed which cannot be done with a piece of © 


individual. It is of the greatest importance that the fis- 
sures appear even with a strain which is far below the elas- 
ticity limits of the bone. Thus the bone is studied as it 
reacts under normal conditions. Jt is sufficient to put a 
weight of 26 kgs. upon the femur head of an adult of 70 Kgs. 
body weight to produce the cracks on the neck of the femur, ~ 
Here one must bear in mind that the static pressure exerted 
upon the samc femur during slow walking when the entire body 
weight is placed upon the leg is equal to the body weight 
minus the weight of the thigh, or more than 30 kgse The 
fissures can be produced by simply exerting a pressure with 


with a regular system of traction cracks (see Illustration 
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4 Illustration 3. b 
Traction cracks of the femur according 
to KUENTSCHER. 
a) with a slight pressure b) with a heavy pressure upon 
upon the femur head the femur head. (front side) 


Such a demonstration of the 
expansion taking place in the femur 
is at the same time a demonstration © 
of the force in action, since ac- 
cording to HOOK'sS principle the ex- 
pansion is directly proportional to 
the force effecting ite, The places 
of the greatest expansion of the 
bone, therefore, are the places of 
the maximal tension, the socalled — 
"Spannungsspitzen" (tension maxi- 
mum). The traction cracks which 
appear first after subjecting the 
thigh to weight bearing show the 
tension maximum. They correspond 
to the cracks displayed in Illus- 
tration 3, at the neck of the fe- 
mur end below the trochanter ma- 
jor. In these places where the 
greatest degree of traction is 
found the varnish coating breaks 

, always vertical to the direction 
¢)same as b, rear side, of the traction force, as the 
cleft in the coating is a trans- 
verse fissure. The tension maxi- 
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mum is located at the places indicated in Illustration 3. 
The compression forces can be exhibited by the reversal of 
the procedure. This can be effected by subjecting the bone 
to weight bearing before the coating has tempered. After 
tempering the bone is released from weight bearing. Subse- 
quently at the places which were subjected to pressure and 
where the bone substance was compressed the bone expands 
and thus causes cracks in the varnish coating. By these 
means one can exhibit the compression forces and the tension 
maximum of the compression force. The first method is 
applicable to static and dynamic deformations, the second 
one to static deformations only. Finally both procedures 
may be used simultanscously. In the first place the com- 
pression cracks made visible through the release of the 
pressure are shown. Then the same preparation is subjected 
to weight bearing once more with the result that the trac- 
tion cracks appear on it as well {see Illustration 4.). 


a) frontal view b) dorsal view c)dorso-lateral view 
Illustration 4. 


Compression and traction cracks on the 

femur (according to KUENTSCHER) appear- 

ing after pressure upon the head of the 

femur e 

The solid lines indicate the traction cracks, 
the broken lines indicate the compression 
cracks. 

To demonstrate the forces provoking the pheno- 
menon, according to what was explained above 

One only needs to draw a perpendicular line upon 
the traction or compression tracks (whth actual- 
ly are the fissures in the varnish coating). 
Since the traction and the compression cracks 
are vertical to each other we also can describe 
them as lines of force. In this case the solid 
lines indicate the pressure forces, while the 
broken lines indicate the traction forces. 


“this demonstration recalls the famous "crane- theory) am 
ae ohne thigh proposed by MEYER-CULMANN. According to 
this theory the trabeculae in the neck of the femur COr=) a 
respond to the tension trajectories in a similarly bent 
crane which is subjected to weight in much the same way — 
(see Illustration 5). 


Tension trajectories in - 
the thigh according to MEYER- 
CULMANN. A considerable dif- 
ference is quite noticeable. 
CULMAN's demonstration is 
based On calculation but on- 
ly in the most simple geo- 
metrical bodies a: calcula- 
tion of the course of the 
lines of forces is possible. 
A calculation of that kind 
is entirely impossible in 
bodies with a complicated ex- 
ternal form as for instance 
bones. Furthermore it must 
be taken into consideration 
that the “internal structure" 

% of the bone i.e. the trabeculac 
. of the spongiosa can py no 
means be defined by calcu- 
_jlations. Therefore the famous 
"crane-theory”™ ol tne thigh 
by MEYER-CULMANN must be con- Tllustration 5. 
sidered only as an attempt 
to give at least an idea of 
the propagation of the force in such a body. The body 
calculated by CULMANN was a simple round stick curved : 
_ , like the thigh bone, which is subjected to a static weight © 
o at its tip. The traction crack method, however, accurate- — 
_ ly demonstrates the actual propa ation. of the forces; in 
_ the bone and moreover it indicates the location of the . 
' greatest tensions. Even though it only exhibits the con- 
' * ditions on the surface it nevertheless is indicative for 
_ the entire bone, as the bone in its greater part is a 
hollow body. Wherever it contains osseous substance in 
its interior, nature itself shows the propagation of force 
because it is a mattor of course that the force necessari- 
ly must follow the trabeculae. ) ' oi 
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In all these tests the propagation of force in tie 

bone, the so-called "Kraftfluss" (flow of forces) was de- 
- monstrated while the bone was subjected to the above des- 
eribed principal strain that means while pressure was exert 
on both joints in the longitudinal direction. In this way — 
the following very important facts were found; The force a 
not flow equably through the bone, but only in certain lines. — 
In some places the lines are crowded together and so we have | 
to deal with accumulations of tension: The so-called tensi 
maximum. In order to facilitate the understanding of the © 
rocesses in the bone the demonstration of the course of 
_ these lines and the location of the tension maximumsis of 
utmost importance for two reasons: 1) If there are any 
pathological changes of the bone caused by mechanical con- 
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ditions thelr location and direction must correspond to um 


location and course of the tension maximums. 2) The il- 
lustration of the lines of force will be of great help 
to facilitate the understanding of the bone structure, 
for, if this structuro depends on the function, as pre- 
supposed, it must correspond to'the lines of forces It 
is the function of the bone to transmit the force and to 
resist ite The author was in a position to prove that _ ; 
the course of the trajectory lines and their extension te, 
in the compacta of the "osteogen columns" corresponds ae 
to the lines of the maximal forces. 


Tllustration 4 reveals as a second amazing fact that 
any pressure_on the neck of the femur causes the appearance 
of additional forces. On the superior surface of the fe- 
mur neck and on the lateral aspect of the shaft strong 
traction forces occure On the other hand also on the in- 
ferior surface of the femur neck and on the medial aspect 
of the shaft traction forces can be osvurved which in this 
case act as transverse forces just as in the places where 
the greatest traction tension is observed, pressure forces 
occur as additional forces acting in the transverse direc- 
tion. If one coats the fomur with a resin coating and 
then places a gradually increasing weight upon it, the 
first traction cracks are found on the surface of the fe- | 
mur neck indicating that this is the place of the traction 
tension maximum. Later on a second traction tension maxi- 
mum develops on the lateral aspect of the femur shaft, lo- © 
cated somewhat below the trocheantor minor. Finally the 
coating of the entiro bone is covered by a system of cracks 
and it is quite noticeable that at the place of the highest 
pressure tension the traction cracks develop as well. These 
traction oracks run always vertical to the pressure crackS. 
According to what was explained above the traction tension ~ 
(traction force) always acts vertical to the cracks pro-- 
duced by traction, the former being represented in Ill. 4 | 
by the broken lines. The pressure tension (pressure force); — 
acts vertical to the cracks indicating it, and they are | 
represented in the Illustration 4 by the solid lines. In 
most of the places two different tensions which are ver- 
tical to each other are found and a bi-axial tension is to 
be observed in the bone. The fatt that there is a bi-axial 
intraossal tension is of the utmost importance for many 
problems related to the strain placed upon the bone. As it 
was mentioned above one can prove that the osteogen columns 
correspond to the direction of the maximal traction and 
pressure forces and that the course of the trejectories is 
also exhibited in the illustration, as their extension to © 
the surface (the only place where they can be made visible 
with our method) corresponds to the tension maximum. The 
first traction tension maximum is located at the place where 
the curved column of the trabeculae comes to the surface of 
the femur neck, while the second one is located at the ter- 
mines of the fcrmer, The pressure tension maximum is located 
at the terminal of the straight column of trabeculae. It is — 
interesting to note that the course of the lines of force on 
_ the anterioraspect is different to that on the posterior sur- 
_ face where there is a whirl of lines of force. 


Other than the detection of the sites of highest ten- 
sion this method reveals nothing about the correct order of 
magnitude of the traction and tension. The local defor- 


mations of the bone are so minimal that so far at least it © 
has not been possible to demonstrate them. In the last ) 


years methods have been developed in Sweden, Switzer- 
‘land and then also in Germany which made it possible 
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7 that kind very accurately. 
Ngkeern rus ie not sha ceomganaern ag the 
the deformation inVolves the entire done — 
Ee se encact) there is no fixed point on the bone, ae 
eal whiten O fc) ean attach the measuring telescope. Ex- eta 
cellently suitable however is the tensometer by HUGGEN- : 
BERGER and the cxtension meter by OKHUIZEN. Technical- 
ly both instruments are based on the principle that the Bi: 
deformtion of a certain masured length is transmitted . Shee 
by means of a levor in a strongly delayed action. At 7 
the same time we have available the extension meter by 
MAYBACH. The author uses the extonsion meter by OKHUIZEN 
constructed by STAEGER with an accessory which allows the 
use of measuring scales of cither 10 or 20 gentimeters. The 
instrument is very small and handy, it weighs about ‘/vU 
grams. It must be put upon the bone by means of its 
two steel blades and it is pressed against the bone by 
a clipe In this connection it is important that the _ 
pressure which holds the instrument agninst the bone 1s 
only slight. The instrument reacts upon slightest vari- 
ations of tension in the bone, and multiplies by 1000 
the variations of the length of the measured distance. 
This degree of enlargement suits best for most bone tests. 
A mirror is attached to the scale of the instrument for 
reasons of parallaxis: and the precision of measurement a- 
mounts to 0.1 %. When reading the instrument we have to 
use the estimated 1/10 of the interval as a unit. It 
must be taken into consideration however, that the in- 
strument does not function Se 
with the blades in a hori- $7, 
zontal position but with ee 
, the blades in almost ver- 
tical position. Consequent- 
ly tests must be arranged in 
such 2 way that the instru- 
ments used may be revolvede 
It must be said, however, that . 
the use of this instrument re- 
quires some skill and practice. 
There is hardly any danger Lye 
that the blades. might penetrate  ~ 
the bone substance too much ae 
and consequently result in 
false values. The instrument 
i measures the straight distance . 
‘between the two blades. This 
must not be forgotten when stu- 
dying the final measuring re- 
sults in all those cases in 
which the instrument was ap- 
plicd to curved planes (see 
Tliustration 6). 


The bone was subjected to 


ure was ai:plied on the neck of 


Tllustration 6. 


‘strain in such a way that press- 


Extension meter attached 
to the thigh bone in order 
to measure the amount of 
extension with the bone 


- 


under strain. 


the femur by means of an up- 
holstered pad the shape of a 
hemisphere so that the press- 
ure was distributed equally u- 
pon the entire head. The ap- — 
plied pressure resulted from a 
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lever with an attached scale which made it possible to 
increase the pressure by adding weights. The upholstered 
ped was 10 cm. distant from the turning point of the le-; 
vers The weights could be moved on the lever so that 
cither by moving or incrcasing the weights the pressure 
upon the nock of the fcomur varicd considerably. -The 
lower third of the thigh bone was embedded in plaster in 
a can made of sheet metal so that it was firmly attached. 
The position of the femur in relation to the direction % 
of the exerted pressure corresponded to about the nor- »* 
mal conditions prevailing in the standing leg. After 
all the exact position of the bone is not so important 
because the author wes in a position to prove that the 
flow of the force in the fenur within the physiological ss 
'* limits: is independent of tho inclination from the vor- © 
tical. axis. With this arrangenemt it was possible to ey 
determine the extent of deformation in the thigh bone of 
an adult man which is caused by strain on the neck of 5 Alaa 
the femur. The deformetions developing medially and la- 
. terally in the direction of the bone axis were trans- 
ferred to the contours of the bone in Illustration 7 
| end the magnification amounts to 1:8000. The shorten- 
ings are demonstrated in black color and the extensions 
are cross-hatched. The figures contained therein in- 
dicate the deformations in 1/1000 mm, the shortcnings 
appear with a -(minus) mark and the extensions with a 
¥ + (piss) mork. The measurcd longth amounts to 10 mm. 
4 me tensions correspond to the reliof indicating the 
| distribution of traction in so much as the shortcnings 
; wero caused by pressure tension and the extensions by — 
traction-tension. Consequently this relief exclusively 
demonstrates the actual ténsions wiich really develop 
in the thigh. An illustration of that kind can never 
_ be obtained by calculation as has already been mentioned 
above. Furthermore it confirms the results obtained by 
the traction crack méthod which indicates the location 
of the traction and pressure maxima. Exactly at those 
spots where the first cracks appear in the varnish which 
result from a slowly increased strain, extreme deforma- 
- tions are obtained by measuring. It is specially inter- 
esting tonote that once again we have to deal wth two 
traction tension peaks. Furthermore this illustration 
Clearly confirms the well known fact that in the neck 
of the femur the tensions are strongly crowded together. 
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| In order to determine the dependence of the extent | by ; 
of deformation from the amount of strain the bone is sub- — 
_ jected to, we have made a series of expansion tests with 8 | 
varying weights acting on the bone. The results of 
_ these tests are demonstrated in Table 1 for the three 
highest tension maximas | 


Strain in Kilograms 


100 200 400 OQ 
Pressure tension maximum Nae? Sah) LAaeO cee 
First traction tension maximum 390 645. 13080: Seam 
Second traction tension maximum ao Aas NEF 


‘8,1 1662 


: It will be suitable to use fresh bone. Our experiences ~ 
| however proved that the same values are obtained when test- — 
ing the bone a couple of hours later or even 2-3 days later. | 
he progressing dehydration of the hone however, may result | 
_ ina changing of the valucs of the colloidal condition of th 
bone. It is evon possible -to stcrilize the extension meter — 
and to apply itte living bone. In these deformtion tests ~ 
_ aitis of utmost importance that the instrument is kept ac- — 
 curately in the direction of the pressure- or traction- a: 
4 tension te be measured, because due to the conaition of bi- | 
- agial tension the tension differs. with every direction. Ne 
_ In-the vertioal direction we havo to deal even with the | 
opposite tension. The dircction of the tensions from every _ 
' point is easily recognizable in the scheme demonstrated in 
4 Illustration 4, because they were found out by the traction — 
_ crack method. ¥ 

nt 


* On the one hand these tcsts proved that the deforma- 
tions are extremely slight sg that wo must not be sur- 
prised that previously it was na possible to measure 
them. On the other hand these tests proved that - at 
least in connection with the tested field -the results 
ebtained by HALLERMANN in connection with the clasticity ~ 
' of the bone are entirely correct, i.e. they proved that 
' the clasticity of the bone is perfect. The deforma tion 

_ of the bone is directly proportional to the strain to 
_ which the bone is subjected. The objections against HAL- 

_ IERMANNts test arrangement were climinatcd in this way. In 
' order to eliminate additional forces he cxcised 100 mm long 

_ parts of the bone Substance which were of complicated shapee 

_ It is obvious that the mechanical capacity of the bana may ‘ 

be changed,first of all because the homogenity of the bone 

= may be disturbs d because all the osteons of the bone are in 
direct correlation. The bone is @ mechanical unit only by _ 
this correlation (compare; BENNINGHOFF, PETERSEN, KUENTSCHER ) « 


It is most suitable for determining the additionally 
occurring forces to dcmonstrate their type, position, di- 
rection and magnitude. Their type, position and direction 
may be found out by means of the extension line method, 
_ and their magnitude by means of the extension meter. “If 
the deformations in any direction arising at any point of 
the body can be masured it will also be possible to 
measure the kind and the direction of the forces acting at. 
_ those points. The procedure required for this purpose is 
very tedious if wc Have only a small number of points and 
only a couple of principal directions of the ferces. In 
this way however, it is possible to got a confirmation of 
the results obtained by the tonsion-line procedure. 


Illustration 7. 
Deformations developing in 
the medial and lateral 
fongitudinal fibers of the 

femur with a burden of 
1J0 kilograms applied to 
the femur head, the scale 
being 1:20000 transferred 


vertically to the surface. . 


The shortenings (pressure) 
appear black, the exten- 
sions (traction) grey. 


with a bi-axial condition, 


; “ 38 = 


According to HOOK's law 
deformations and forces must 
be proportional and conse- 
guently it should be easily 
possible to find out the 
corresponding forces by means 
of the figures given in Table 
I or to read them from the 
results of tension tests. 


In this connection it must 
be taken into consideration 
however, that even during one- 
axial tension in every case we 
also have to deal with a trans- 
verse deformation, which al- 
wayS 18 opposed to the main 
tension. A rod being exposed 
to tension caused by traction 
in the direction of its lon- 
gitudinal axis becomes longer 
but at the same time it be- 
comes thinner. This decrease 
of the diameter is not only 
caused by pressure forces, but 
it also is the manifestation 
of the transverse contraction 
caused by traction. This re- 
lation between the main ten- 
Sion'and the transverse. ten- 
sion, i.e. the transverse thin- 
ning depends ee on the ma- 
per al and st. be gous i ered 
to be_a constant valuc, the: 
so-called POISSON's constant 
which amounts to 10/3 in 
steel. 


In our bone tests with 
the extension meter POISSON's 
constant valuc amounted to | 
10/2 on an average. A one-_ 
axial condition of tension 
exists only in those cases in 


which both main tensions stand- 


ing vertically to each ‘other 
show counteracting values.with 
their quotient Corresponding 


to that constant value. In all 
the other cases we have to deal 


In order to find out which tensions correspond to the ob- 
served lines of force, comparable measurings are necessary 
with such bodies as were cut out of the bone substance and 
the diameter of which may easily be calculated. In this 
* case, however, the principle of the homogeneity of the bone 
is disregarded. oreover the test bodies cannot be modeled 
in such a way that additional forces may be excluded with 
certainty. This applies particularly to the measurings of 
the bending. Therefore the values obtained by these com- 
parable measurements arc only approximate valuese AS to 


. 


the alterations of length of the 10 mm distance of measure- ~~ 
ment caused by traction or pressure forces we obtained Pee 
values of 0.35 - 0.5 kge/sqmm so that for the figures con- 
tained in Table I these values must be inscrted in order 
to calculate the prevailing tension at each spot. This 
calculation corresponds to the values obtained by MESSERER 
in 1876 during his classical tests of the stability of the 
femur. He had observed that a femur breaks undér the in- 
fluence of forces causing a pressure of 1200 kilograms, 
and that in this case the fracture occurs at the neck of 
the femur. Table I shows an expansion by 6.5 thousandths 
of a millimeter if the strain on the bono amounts to 200 
kilograms» This corresponds to a tension of 2.3 kg/sqmm. 
(6.5 x 0,35)+ In case of a‘strain of 1200 kg (6 x 200) 
the tension must be multiplied by 6 and equals 13,8 kg/ 
sqamm. with the assumption of a straight lined extension 
curve. The values for resistance to tension published 
so far amount to 12/14-kg/samm for normal bone. Similar 
values are valid for the pressure tension. This accord 
is perfect because we must presume that this kind of 
fracture occurs at the neck of the femur as a fissured 
fractures We know from experience that the stability 
is considerably decrcased as soon as additional forces 
develop. 


HALLERMANN observed that in correspondingly shaped 
testpieces the stability is only 4 kg/sqmm. The table 
and the graph however prove that the values at the 
highest tension maximum correspond to POISSON's constant 
and are characterized at the tension maxima by opposite> 
(mathematical) signs. Hence it results that a one-axial . 
tension prevails for which the normal values of stability 
ee eet ied is favorable condition, seems to be 
© c a ~ i as 
that the elas Parte of Bie bone dcetatcal wiih cavanete 
age. This means that under the Same strain the deform- 
ation of juvenile bone is many times greater than in a- 
dult bone. The figures mentioned above may therefore be. 
applied only to individual cases. The most important 
thing here is that we are in a position to measure the 
deformations of the bone generally developing under nor- 
mal strains Therefore we must not forget that the frame- 


work of the body, i.e. the bones, is not composed of ab- 
Solutely inflexible structures. 


These deformations of the bone occur while the muscles 
are in action and they disappear as soon as this strain 
ceases to act upon the bone. In ease of a rhythmic muscle 

- action the bone will be deformed rhythmically. This means 
that a constantly repeated expansion occurs at the trac- 
tion tension maxima; at the same time a rhythmical short- 
ening appears vertical to the longitudinal axis and vice 
versa this also applies to the pressure tension maxima. 
The bone substance is "pulsating" so to speak. 


This elastic deformation of the bone during its sub-' 
5e 


jection to strain must be strictly differentiated from 
‘all the other alterations of the bone, as for instance: 
1; Growth of the bone in the longitudinal and transverse 


_ direction in juvenile age, 2: In 1885 POMMER was in a 
_ position to prove that the bone is constantly subjected 


to constructive and destructive alterations according 

to the strain the bone is subjected to. 3: Changes of 
the shape of the bone may be caused by some disease Set 
processes, by disturbances of growth, ie6. by processes % 
which we call epiphyseal necrosis, by the’ developing of 
ulcers, by specinl diseases (as for instmce lues) or 
other inflammatory processese | 


Two symptoms are ch ractéristic for these deforma- 
tions. They occur slowly, in a couple of weeks or months | 
and not in a fraction of a second as in elastic deform- iS 
ations. Moreover these deformations (local increase or 
decrease of volume) occur always only once. The previous ~ 
structure will never be fully regained as in elastic de- 
formations. » 


Be Diseases of the Bones and of the Joints 
cause y mechanical ConditionSe 


Pathological Fracture and Reconstruction Zone. — 


If there really are diseases of, the bom which are due » 
to mechanical over-strain and in which the mechanical fac- — 
_ tors are decisive for the originating 4a the disease, in 
— such a case the tension maxima must correspond to the 
localization as to the locantion or course of the diseasee ~~ 
_ All this could be proved by the author in a series of 
~ such diseases. ‘ 


First of 1 we have to denl with the so-cslled zones. 
of reconstruction.~ LOOSER was first to. recognize the de- 
veloping of those zones and he described them in details 
» Therefore they sre 21so exllcd LOOSER's zones of recon- 
struction. From the clinical point of view these zones 
-— show hardly any symptoms. There does not exist any dis- 

_ doceation, very rurcly we somotimes observed only a slight 
angulation. By thorough examination it will be possible 
to diagnose only . slight marked local sensitivity against 
pressure, Sometimes also a slight springing flexibility 

» may be diagnosede In such a:case the patient complains 

— ebout slight pains or discomfort during the examinatione 
? In no case however, will it be A dade at ge find any synp- 
_- tom characteristic for « fractures; as for instance ab- 
- nornal motility, erepitation or Slinknd shea function. 


ae Consequently the znes of reconstruction are ae 
omly in the X-ray, where they appear distinctly. In \ aoe 
special cases the impression prevails that a separation ch 
_ of continuity of the bone had taken placc. Lincs of ab- 
sorption run obliguely and transversely through the bone, 
which are several millimeters - up to § mm. - in sizce 
In these lines the structure of the bone is markedly ab- 
_ sorbed or itmay even disappear completely. In such a | 
_C@asc one may have tho impression as if the bone substance 
had complctely disappeared. According to KOEHLER spots 
of that kind look "as if they were crased™. Only in rare 
eases are several clarification foci observed. Somctimes 
periosteal clarifications prove that the poriosteum is da-~ 
magede The anes of reconstruction never show toothed 
icnaet which are Pa aerseh atic Por. ahaha wig but their 
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ulna became indistinct at a woll definable place. Due to 


margins are always snooth. 


ings or angulations which however remy occur even after © 


lamellar bone is particularly sensitive to "chronic me- 


tion of the bone duc to the pressure of an aortic aneu~ 


tooth by the pressure of the remaining teeth. 


observed in the ulna at e site opposite to tho sawcut, 


‘gistally, pet eed at the exterior and progress in the 


thicker assuming the shape of a s et ee 
characteristic Structure 1s hosts’ bod erg eaie me 


S lus is cloudy and 70 days later at the spot opposite the 
_ Sawcut a cleft may be observed which gradually widens 
and deepens. 75 days leter only a small bony bridge is 


_ bone e 


t 


Histologically LOOSER found a process of reconstruc- — 
tion of ‘tho bone. The old bone lancllac are destroyed by 
lacunary resorption ana in the first phase they are ro- © 
placcd by some calcium-free bone which appears as a plexus. 
Theso mnes of rcoconstruction grow in those parts of the — 
bone which are weakonod because of a goenoral damage. They 
are often observed in cases of rachitis, late rachitis and > 
osteomalaciae FROMME has observed them also during the ‘ 
war in cases of discascs due to hunger. LOOSER blames 
mechanical conditions for the developing of those zonos 
but he does not give any definition for them. He con- 
siders these zones of reconstruction to be "pathological _ 
formations of Callus" at "mechanically irritated spots", — 
of progressive bendings and fissures and infractions of 
the bone which arise periodically. He classifies then | 
as infractions. The clarifications arc considered to be — 
of traumatic origin because they have the characteristic | 
shape .of transverse or oblique cracks and clefts and be- © 
cause they are usually observed as spots of marked bend- 
the development of the clarifications. Somctines they wer 
also observed 2t spots of previous incomplete fractures 
in the bone. According to LOOSER however they are not 
fractures regarding thcir clinical and roentgenological 
symptoms. Moreover LOOSER speaks of a "thronic traumatic — 
irritation" which causes the disappearance of tho old Bi, 
lamellar bone by lacunary resorption. Furthermore he ob- ~~ 
served hat in the fibrous marrow which regularly develops | 
at .such angulations plexus bone is formed. The disap- ~~ 
pearance is oxplained by the goneral experience that 


chanical irritations". 
There is a process analogous to that of the resorp- 


rysn or of a tumor or the reduction of the root of a 


MARTIN was first to observe in tests on dogs that ‘ 
zones of reconstruction may devclop also:\in normal bone § | | 
substance. In order to study the question of the devcelop- ~ 
ment of pseudarthrosis he sawod through the radius of the © 
test animals. In all casus charactoristice changes wore 


sometimes these changes were 12180 observed somewhat more 


irection of @ contcr of the bone. All this. results 
in the formtion of a reconstruction zone of the entire 
bonee About a fortnight later tho X-ray contours of the 


a periosteal accumulation of bone tissue the ulna becones 


QO days later the cal- 


A cae 


left and after a lapse of 96 days a cloft soparates the 


The developmont of this alteration of the ulna 

opposite the saweut of the radius was explained by BIER 

: and MARTIN by biological and chemical "noxae" which have 
_ their origin in the sawed bone and which cause a sympa~ 

thetic" atrophy in the adjoining healthy bone. The ad- 
jacent bone becomes “infected by the formation of callus. 


We. MUELLER was able to confirm MARTIN's findings, _ 
but his explanation was quite different. He concluded 
that the increased mechanical strain was the cause for 
the alteration of the bone. The bone not sawed through 
is subjected to a greater strain through the disability | 
of the other bone and it reacts with the formation of a re 
construction zone. W. MUELLER came to this conclusion be-_ 
cause these changes are observed only in the considerably ~ 
weaker ulna when the radius is cut through. When cutting — 
through the ulna no changes are observed in the radius) “29 
which bears most of the weight anyhow and by sawing through 
the ulna the strain on it is not considerably increasede 


“ye hoe 


W. MUELLER observed that in juvenile bone changes of 
this kind occur only in the mne of growth and not at the 
opposite area. In this way he has confirmed the clinical 
observations which prove that the wnes of growth are par- 
ticularly sensitive to mechanical strain. 3 


a - Furthermore W. MUELLER was in a position to prove that 
Bs these changes correspond to those described by LOOSER as © 
zones of reconstruction. He found the same roentgenologic: 
& and histological symptoms, eee : 
: It is a mtter of fact that W. MUELLER places in the 
q foreground the mechanical conditions of this problem. Ne- 
vertheless he does not refer in detail to the kind of stral 
He simply speaks of “mechanical strain" without dealing in : 
detail with the actual forees as to kind, direction and = 
spots ef impact. Only when dealing with the strain on the 
epiphyseal line does he speak of “abnormal strain caused ~ 
by pressure" and also of “lateral forees causing traction", 


WALTER gives us a more clear definition of the forces — 
which cause the formation of LOOSER'ts zones of reconstruc- 
tions He is of the opinion that they develop "bv a con- 

. stantly repeated strain acting in one direction which is a: 
' not identical with the direction of the traction and press- — 
> ure, but which has a bending effect upon the bone. Thus, 
4 the bone cannot compensate the additional strain by hyper- 
trophy either because of the rapid succession of smail i 
mechanical impulses or because of their accumulation". 


In this connection I would like to say that an analysis 
of any "bending strain" is quite possibie. Any bending 
takes effect as traction strains of the marginal fiber on 
the convexity and as pressure strain at the concavity. 


 LEXER and SEELIGER agree with W. MUELLER's view that 
this was caused by purely mechanical factors. “LEXER's : 
_ Clinic cannot become reconciled to the theory of a sympa- | 
_ thetic bone atrophy and as long as it is not possible to | 
explain the existence of the "noxae" or other mysterious — 
forces developing in the neighboring bones, that long will 
it not be possible to abandon our theory." The forces ob- — 


| ciwod in MARTIN’ s test were dealt with in detail by 
LEXER. In tests on dogs he examined the~influence of 
strain by means of X-rays and found out thet in case of 
a dangting foreleg the radius is located precisely in 
front of the ulna. AS soon as the bone is subjectedto 

_weight bearing a pronation is observed. If the radius 
is defective the distal radius fragment causes a press- _ 
ure on the normally somewhat convex shaped ulna and this 
causes its bending in the backward direction. 


IEXER is of the opinion that besides the pressure OF thy 
the radius we have also to deal with forees causing trac- — 
tion which are due to the pronation. He points out that — 
pseudo-fractures occurring in bone which was transplanted 
for bridging over fracture clefts often refer to the same > 
process of reconstruction. sa 


The author has tested the observed tension maxima by 
means of the traction crack method and came to the follow- ‘ 
ing observation: 


In fresh dog fore-legs, the radius and ulna were ocx- 
posed and the joints and ligaments were kept intact. After 
that the radius was cut through at several spots and the — 
bones were covered by the varnish described before. The — 
flow of force was demonstrated by pressing the preparatic 
together in analogy to an approximation of the elbow and 


tho wrist. In this way it was possible to prove that | 
traction tension maxima existed on the ulna at the spots 

corresponding to the places where the radius had been cut 
through; these were found on the averted side of the ul- 
na. MARTIN's illustrations show clearly. - and MUELLER _ 
had pointed thereto - that the zones of reconstruction de- 
velop at that side which is turned away from the radius. — 

A pressure of the radius fragment upon the ulna was not. 
exerted during the experiments - as was supposed by LEXER- 
because a pressure of the musculature was completely e- 

liminated. It may be pos¢i ble that this pressure is. 6F 

some importance in vivo but it is negligible in comparison 

to the pressure of the muscle action which causes the de-— 
velopment of the zone of reconstruction. ait 


How may one explain the development of a tension max- — 
imum on the Ulna opposite the saweut: When cutting through ~ 
the ulna instead of the radius we also observe tension ee 
maxima in the place opposite the saw cut. When comparing Hy 

_ the foreleg bones of the dog with the forearm bones in ee 
- humans we observe that the dog bones are not so freely 
movable one against the other. They are located closely — 
together and are mechanically strongly united by the liga- 
ment interosseum and the joint ligaments so that they act. 
aS aunit. The sawcut acts like a notch cut into this t 
bones. At the base of such a notch one will always find 
tension maxima because here the lines of force flow to- 
gether. With reference to a practical example one will 
_ ¢evt a notch into a stick so that upon bending it will 
break at that very spot in consequence of the develop- 
ment of a nn tension maximum. (Illustration 8). 


in conncetion with the oxpla 
i tion of many such "mechanica 
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CR ae tho ulna ‘he tension maxima w 
develop on the radius will ne 
cause the development of a re- 

Tllustration &. : construction zone because th 
See tensions in that strong a bo ihe. 
Diagram of tho effeot cannot bocome strong enough t see 
of the notch. Ppress- surpass the dangerous limit. y 
ing together of the Yan 
lines of foresee as in Thus in the human ulna © 
a Stick after a notch which is relatively strong | 
had been made in the the. development of zones of 
stick. If the notch roconstruction are not fre- 
is not eut through the : | 
tension peak will be fractures. Due to the fact | 
located at the lower that both bones ane only wee - 
- third of the ulna.By 
cutting through the 
bone however, the ten- 
sion peak is " shiftod 2 sufficient Aeneet the of ball 
to the vicinity of the lus or in those cases in which 
saweut. The mechanical the callus is not yet mechanic 
union is not absolutely ally strong similar reaction 
stable so that the ten- are to be observed. In such 
sion peak is sometimes case the tension maximum nor- 
- not shifted to the cor- _ mally located in the neck of ~ 
responding location of the femur will develop in she ve 
the sawout. fracture cleft. This may ex- — 
By: ie. plain the above mentioned de- | 
| | velopment of mnes of recon- © 
Sa ea struction in healed-in bone 
grafts. This shoniion will be dcalt with in detail after 
we have studied the sagan a of the flow of force upon they 
healing of a fracture. The author. wes in a position to 
prove that in all eases LOOSER's zone of reconstruction al- s 
ways correspond to the location and the course of the ten- | 
Sion maxima. Such a zono of reconstruction corresponding ~— 
- to the neck of tho fomur tension-peak is demonstrated in 
illustration 9, which shows the neck of the fcmur in a 23 
e., yeer old paticnt who suffered late rickets. 
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A Similar zone of reconstruction is also observed in) 
- children, which, according to WALTER must be blamed for 
_ the coxa-vara congenita of smzll children. Many reasons 
have been held responsible for the development of this — 
condition, for instance congenital alterations, endocrine 
_ factors, etc. The zone of reconstruction develops in the 
heck of the femur; it starts above and runs through the 
heck vertical to its axis. In this way a triangle is 
formed between the zone of reconstruction and the epi- 
_. physeal line. It coincides exactly with the location and 
thea ia of the first traction-tension maximum. Best proof. 


for the mechanically con- 
ditioned cause is - accord- 


ing to WALTHER - the fact 
that healing is achieved 
after a subtrochanteric 
osteotomy. In this way the 
flow of forces is fundsmen- 
tally changed. This will be 
shown later. 


To the field of the mo- 
chanically caused disease be- 
long first of all the so- 
called fatigue fractures 
which were so frequuontly ob- 
served in Germany shortly 
before tho outbreak of the 
second World War. and which 
were due to the hastily car- 
ried out training of soldiers 
and men for the German Labor 
Service. Entirely new lo- 
calizations of these diseases 
were Observed which previous- 
ly were not Known. 


Fatigue-frasctures are ob-- 


served in the army only in 
those recruits whose bones 
had not yet become accustomed 
to the increased strain they 
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Zone of reconstruction in 
the neck of the femurof a 
23 year old patient suffer- 
ing from late rickets. The 
zone of reconstruction sor- 
responds to the tension max- 
imum but it is dislocated 
due to the peculiarly long 
shaped neck of the femur 

and its coxa-vara position. 


There was a discomfort 
caused by the zone of 'recon- 
struction. Healing was a- 
chieved after a subtrochan- 
teric osteotomy. 


are subjected to. This means 
that their bones were not giv- 
en time enough to build suf-. 
ficient quantities of addition- 
al bone by the stimulating ef- 
fect of the function and to 
become in this way mechanical- 
ly stronger. This increase of 
the bone appears as some kind of a deformation which pro- 
ceeds very Slowly and which takes many weeks and months. 

In general only people with long and thin bones are afflic- 
ted with this disease whose clastic deformations are much 
stronger than those scen in others. In this example a frat- 
ture may occur by an increased strain without any alteration 
of the bone. Vice versa, in case of an unchanged strain but 
by a decrease of the mochanical stability of the bone this 
fracture mechanism may develop and a tumor will act in much 
the same way as the notch cut into the stick es referred to 
above. Sometimes only minor changes of the surface will 
suffice to cause a fatigue fracture which acts like a notch 
as described by HAASE. On the other hand the bone tissue 
itself may become mechanically less strong because of grad- 
ual changes in the bone somewhat in the way of a bone qis- ::. 
ease. It is also possible that in the beginning of the 
functional process of reconstruction of the bone such a dé- 
generation of the substance may occur if the over-strain 
lasts too long. Such a damaging effect may also be caused 
by strong X-ray exposure. Consequently the fractures of 

the neck of the femur in women who had been treated by X- 
Tays because of cancer of the uterus, referred to by PHIL- 
IPP and BAENSCH, must also be considered to be fatigue-frac- 
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tures. This strong roentgenization represents an un- 

intentional creation of circumstances which produce 
fatigue fractures, i.e. in the human being itself, a 
which in e serics of cases was unsuccessful. In fact i 
the neck of the femur is markedly exposed to the rocnt- 
genization. The previous history of these fractures 
proves that in no case did a trauma occur and these es: 
fractures look just like fatigue fractures, as those | 
observed at the same sito, fi. in recruits. 


This kind of fracture which has been known for @ 
long time and which was described in detail by DEUTSCH- _ 
q LAENDER is the so-called "Marschfraktur" (fracture caused 
a by marching) of the motatarsals I and II. Hore we ob- & 
. serve a transverse fracture of the bone in most of the. cae 
"  —_ - cases without any dislocation. In many cases the-only 
P symptoms to be observed are either an infraction or a 
very fine fissure. Also in these cases the author was 
-, in a position to prove by means of tiie traction crack 
a method that the fracture planes corrwspond to the ten- 
. sion maxima. The sitmtion was simil.ar in the cases of ~ 
yy . fatigue fractures which were described later. Only sony 
. tain bones sre afflicted with this disease and cach of 
' them in quite a characteristic way. In the tibia we ob- ~ 
ee serve a cleft running transverse to the longitudinal ax- 
is. In general this cleft is located about a hand's a 
_ breadth below the cleft of the knee joint, in ome cases — 
—_ somewhat lower. In the fibula we also have to deal with © 

transverse fractures located at varyiag heights. Frac- 
tures of this kind ere most frequently observed in ar- 
tillery men, but they occurred only with certain exer- 
@ises. In thigh frectures the damages caused by over- 
‘Strain occur in the form of fractures of the neck of the. \a5a@ 
femur the fracture planes of which rui almost verticallye 
yh Weer oe ree tae Illustration 10 shows a 
. the pieture of 4:21 yoatas 
old worker in the German | 
Labor Service who efter 4 
heavy. work in the moor, 
to which he was not ace 
custoried, suddenly and 
without any related trauma, — 
compleined about increas- | 
ing pains in the hip and 
after that showed all clin- 


Injuries of this kind- 

were also observed in the 
pelvis end were described — 
as. traisverse fractures of 
the pubic bone and ischium — 
(accoriling to MALGAEGNE's © 
public.itions). Transverse 


Illustration 10. fractu:res of the spinal 
| ; RBI proces3es of the dorsal — 
Fatigue fracture of the neck vertebra were observed in at 
of the femur in a 21 year men whe had engaged in 
old man at the first trac- = strenuous shoveling. All 
 tion-tension maximun. authors agree that the Woe 


fatigue fractures are iden- 


. 
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tical wi th the above mentioned LOOSERts zone of recon- 
struction. . 


reaction of the bonc which can be produced on 1vV- 
ing Tissuc. 


This does not mean that transitions between the two 
are not possible; on the contrary, they were frequently 
observed, In the literature his theory has frequently 
been discounted despite the fact that the author was in 
a position to prove this theory. Therefore at this place 
reference should. be made to it because these processes 
seem to be important in connection with the healing of 
fracturese 


Attempts to produce fatigue fractures. 


In a series of experiments preparations of human 
bone were subjected to intense rhythmic strain. It was 
attempted to produce the same strain on the bone which 
living bone is subjected to and which finally results 
in a fatigue fracture. The bones were held by a special ; 
apparatus which made it possible to exert a rhythmic strain — 


which caused the destruction of the bone by. angulation. “3 
This strain was produced by an eccentric gear driven by an ~ 
electric motor of 15 HP. The movements of the bones were 
transferred to kymograph tracing. The pointer was attached | 
to that end of the bone which was not fixed and in this ath 
way it was possible to record the extent of the compression 
of the entire bone which occurred as soon as the bone was ~ 
subjected to strain. Consequently the extent of the vib- 
ration was at the same time a measure for the force applied 
Measurements were made to find out the extent of the short-— 
ening under various strains. For this purpose the condyles — 
of the thigh bene and the head were filled in with WOOD's 
metal and after. that the joint ends were approached to each ~ 
other under increasing pressure. The motor we used has a 
frequency of revolution of 1500/min. The force the femur 

was subjected to was set at 100 kilograms. It is a matter 
of course that this power is too little to produce a last- 

ing change if the bone is subjected to that strain only 

once, for MESSERER's classical tests proved that the bone : 
breaks only when it is subjected to a strain of 700 - 1000 — 
kilograms in this way. Even after the bone had been sub- 
jected to strain for a period of one minute, - which cor- 
responded to 1500 applications - the bone did not show any | 
symptoms. after the bone had been subjected to strain an 
35,000 = 40,000 times we always observed a fracture cleft 
on the surface of the neck of the femur at that spot which 
corresponded to the traction-tension maximum. This is in 
conformity with observations made in fatigue fractures of 
metal. Here also the fatigue fracture develops as a beg@nning 

_ fracture ("Anbruch") or preferably a beginning fissure (‘An- 
_ Yviss") which progresses slowly. Furthermore these find- ~ 
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ings correspond to the histological observations of : 
- SCHUERMANN: of injurics of the bone caused by overstrain; 
- SCHUERMANN, however, observed most frequently fractures et: 
of tho cérticalis only. Within a period of 4 - % minute 
the fracture progressées in the vertica] direction cor- ‘fs 
- responding to the traction tonsion maximum. To achieve, 7s 
- this result the bone had to be subjectcd to the strain aaa 
— of 350 - 750 additional vibrations which means that tho 
- process of breaking progresses rather quickly. After 
that the neck breaks off completely and we soe a bone 
_ which shows the same clinical picture as fatigue frac- 
ture bones as to exterior, position and course. The 
fracture plane is relatively even but not absolutely 
smooth. Illustration 11 shows 2 fractures produced in 
m this Way. ; 


q The somewhat irregular course of the fatigue frac- | 
ture in the bone corresponds to the clinical picture. oh 
It can be recognized in many X-rays. Contrary to the 

findings in bones, metal fatigue fractures are absolutely 

smooth and of a peculiar velvet-like gloss. This smooth- 

ness is produced by the fact that the microscopically 

small crystals of the metal structure grind each other 

off during the gradual progress of the fracture. This =: =) 

| does not apply to the bone, presumably because of tho Rea 

_ fact thet, especially in the spongiosa, no correspond- re 

| ing particles are opposed to each other and because of 

_ the fiber structure, Also in other non-metallic bodies 

_ this smooth polishing of the fraeture planes is not 

found. Nevertheless e fatigue fracture of wood is re- 

' tlatively more smooth than 2 fracture caused by static 

' or dynamic forces. Fatigue fractures of the bone pro- 

' duced in these tests occurred under the influence of 

' forees which were much smillcr than those observed 

' clinically in injurics caused by overstrain. There is 

no doubt that, for instance, during a training march of 

30 kilometors the single thigh bone is subjected to a 

strain stronger than 100 kilograms. The pack to be 

carried by the soldier amounting to about 30 kilograms 

is inercased by his own body weight of about 70 kilo- 
grams and this weight excrts its pressure upon the fe-. 

“mur with cach stcp. The most important thing, however, 

is the strain on the muscle diameter which attains much 

higher values. ‘Those velucs cannot be calculated. On 

the other hand however, we must take into consideration 

that with an increascd frequency of strain the resistance 

against fatigue fractures is considerably decreased. As 

to the order of magnitude the weights used during the ex- 

periment might ap»roximate the weights occurring under 

normal physiological conditions. The most substantial 

' result of our cxperiments is the proof that it is poss- 
ible to produce fatigue fractures by rhythmic strain on 

' a bone which in every respect are similar to those ob- 

served clinically. Tho same was accomplished not only 

in the femur, but :lso in the pelvic bone, tibia and the 

metatarsal boncs, in .n absolutely typical way. The a- . 

bove mentioned transverse fractures correspond to the clini 

Cases of tronsverse fractures due to fatigue. In all 

cases there was only one single fracture cleft and in no 

case were small bone particles found in addition to the 
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b) Photographs 
Illustre -tion <3. oh 
Fatigue fracture of the femurs caused | 
by rhythmic strain with a motore 100 > 


kilograms Single strain wore. AEDAIeS . 
LO, 000 times 
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The occurrence of fatigue fractures in vivo is ‘also 
freauently observed after the bone has been subjected to 
a determinable constant repetition of strains. MEISEZAHL 


observed that in a marching unit fatigue fractures occurred 
Simultaneously in quite a number of Lashes Sache they 
had marched about 20 kilometers. RS 


It. seems strange to observe an abs ey tra .nsverse 
fracture developing while the bone is subjected to a rhyth- 
mic pressure strain in the direction of its longitudinal 
axis. In the tibia the fracture is located about a hand's 
breadth below the knee joint cavity. The tension maxima 
however, is very flat and extends to a lerge area on the 
surface- of the tibia so that the fracture site may be lo- 
cated considerably farther distally. In one case it was 
possible to produce such a fracture plane in the lower. 
third, which of course ran in the transverse direction. 


se 
The X-ray taken from fractures produced by motor 
power correspond to the clinically observed picture of: 
fatigue fractures as to direction, shape and hone eon. of 
the fracture cleft. 


ae: The eek ton arises: Why did a zone of roconstruc- 
tion and no fatigue fracture develop in MARTIN-MULLER's 
tests? The test animals subject the operated limb to 
- weight of course, but only cautiously; at any rate they 
nurse the injured limb. In some cases an additiona 1 
immobilizing starch cast was applicd during the first 

: few days after the opsration. The stress on tho limb 
was strong enough so that the ulna is strained excessive- _ 
; ly because the radius has been resected and consequent- 


\ 


ly a zone of reconstruction develops. 
4 The author was in a position to prove that. in those 
cases in which the test animals were forced to subject 
the operated limb to more strain, fatigue fractures dey 8 
veloped. In order to prove this both fore-legs of the 
b test animals were treated in the above described way. . 
' hus the test dogs had to subject the damaged limbs to 
_ more strain. Zones of reconstruction did not develop a 
_ but fractures occurred 6 - 9 days later. These fractures —_ 
- look like fatigue fractures with smooth transverse frace 
ture clefts. Dynamic causes could be excluded practical=" 343 
ly. 
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a Further tests wore made in order to study the me- 
chanism of these fatiguc fractures and to exclude all ; 

other side effects. In this way wo came to new arrange- 

» ments which seem to be uscful also for other tests con- 

' cerning the effect of mochanical over-strain, such as: 

_ devolopmert of injurics of the joints or changos of the. 

= connective tissuc. The first condition also in these 


-. cases is to force the test animal to subject the limb to 
_ very strong mechanical strain, which of course is counter= 
acted by the psyche of the animal but which was cxcluded by 
"somnifon" permanent narcosis. For this purpose a vein Bes 
was exposed and we inserted a cannule which made it possible 
_ to inject the contents of ono or more ampoules at intervals. 
of about 5-6 hours according to the size of the dog. In 
porcer to avoid an obstruction of the cannula by coagulated 
blood after each injection a mandrin was inserted. In this 
DS weir it is possible to bring the limb tested into action 
either by cerebral or peripheral stimulation. In the tests 
described here the skin was cut by an incision of about 
' 3-5 cms. length at the lateral edge of the axilla using 3 
a dogs of different age and size. The plexus brachialis was ~ 
' bluntly exposed from there, clamped and severed proximally | 
_ to the clemps. The clamp was insulated from the surround- _ 
ing tissue and skin by a rubber tube. After that the elec-~ 
trode of an electric battery was attached to the clampe A 
' wire was wound around the paw of the test animal.vend after. 
that it was sealed in plaster. This plaster-cast was fast- 
ened to the table on which the enimal lay by means of a é 
_ gserew-clamp and the wire was connected with the other elec- 
trode of the battory. “In most of the cases we used ERB's 
| *TONISATOR", in some cases a "PANTOSTAT". In this way it. 
was possi ble to stimulate the plexus at any interval and — 
_ thus all muscles of the limb were brought to action. In 
general the stimulus was faradic; the device was set for 
Maximal stimulation. Due to the fact that the entire | 
muscle diameter was in action at the same time nd the paw 
' of the test animal was attachod to the table only minimal 
me ycmonts, of the ata were possible. Almost the entire 
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musclo strength was used to achicvo the above described 
deformation of the bone. This deformation is only slight _ 
-4n comparison to the movements of the joints so that the © 
way along which the muscles act is very short and the ‘ 
muscle work is not strong. This may explain why the test 
may be continued for scveral hours without a noticeable 
fatigue of the muscles developing. After a lapse of 20- 
36 hours the tests wore stoppod without any noteworthy — 
decrease of the efficiency of the muscles at the end of 
the test period. With such an arrangement it is quite 
possible to subject living bone to strain for a very ye 
long period of time under any rhythm with the blood cir- ~ 
culation undamaged. The main work of the muscles is re- 
served for the strain on the bone. In all dogs the radius 
- of the fore-leg was resected for about 13 - 2 om. and the — 
| leg stimulated in the above described way. Even with ~~ 
9 strongest faradic or galvanic stimulation of the nerves — 
- it was not possible to break the ulna with one single 
electric impulse. The number of the rhythmic electric “ 
impulses varied during the different tests and lasted for 
3 - 10/sec. With the maximal. stimulation which was ad-_ 
ministcred in all tests the muscle action was extremely 
strong, which was readily noticeable either by touching 
the test animal or by introducing the finger into the 
resection site. In the latter case a rhythmic compression 
of the finger could be ‘weet pry The strength of the 
muscle work was constant and did not let one recognize } 
any decrease. It varied however in the different test 
a animals. It was not possible to determine accurately the 
» reason for this variation. In each case however, the ul- 
/ na broke after a period of 16-21 hours. These fractures 
look just like the ones described above (first tests), 
- In all cases they were located opposite the resection 
site and in all cases we had to deal with transverse frac- 
Pe tures, which were Slightly jagged. There is no doubt that 
» We were dealing with fatigue fracturcs., These tests there- 
fore prove the fact that also in our first tests fatigue 
fractures were obtained. 


mL In no case was a change of the arm above the elbow | 
observed despite the fact:that the strain on the arm above 
_ the elbow was considerable, Maybe the single strains on 
_ the arm above the clbow were within the normal limits, but ~ 
_ we cannot prove that. There is only a small percentage of — 
_ human beings who suffer a fatigue fracture during the ex- 
_ periment of a training march. Therefore thousands of dog — 
tests would be necessary to give a definite opinion. For 
the time being the only possibility to produce a fatigue | 
fracture is to weaken the bone mechanically by very strong — 
_ stimulation of the entire musculature and by cutting a 3 

“notch into the bone which practically is the equivalent 
|) OF résection of the’ radius. 


a Finally’ I would like to refer to a fact which proves 
that here we-have fatigue fractures. In all dogs of the 
last test series the sound fore-leg was removed after the 
test and a more extonsive resection of the radius was made 
than that in the first leg. When trying to bend the ulna 
tah much the same way as it had been done before by the 
fuscle traction effect, it was in no case possible to : 
roduce a fracture even by jerks. The ulna could be bent ~ 
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to such an extent that the two 
resection planes touched each 
other as is demonstrated in 
Tilustration 12 a. 


A fracture can be pro- 
duced only by a many-thousand- 
fold repetition of the bending- 
through process of the bone 
until finally the structure of 
the bone tissue becomes inco- 
herent. Such a fracturo is a 
fatigue fracture (Till. 12b),. 


The following conclusion 
must be drawn from the above 
described tests: In case of 
a sudden over-straining of a 
bone, an effect that may be 
produced in the ulna of the dog 
for instance by the resection 
of the radius, a fatigue frac- 
ture will occur after a few 
days at the site exposed to 
the heaviest strain. The fact 
that the fatigue fracture does 
not occur immediately on the 
first day if both logs are re- 
sected probably must bo aseribed 
to the circumstance that the 
animal nurses the injurcd limbs 
aftor the operation. The fatigue 
fracture in this case will 
probably occur in the sound or 
nearly sound bone. In any case 
it was not possible to prove 
any roentgenologicel altera- 
tions. Neither is there any 
occasion to assume that within 
a period of 6 days - as ob- 
served for instance in the 


b) Fatigue Fracture. 


Illustration Lew 


first test - the reduction of Fatigue fracture of the ulna 
the bone substance will be- in a dog produced by a con- 
come so marked that the me- tinuous rhythmic stimulation 
chanical capacities of the bone of the plexus after the re- 
tissue must be considered to section of the radius. After 
have considerably detorioratcd.e an extended resection of the 
Of course one must assume that radius the ulna may be bent so 
the process of disintogration much that the resection planes 
of the bone commences which touch each other without a 
thon becomes apparent after fracture appearing. 


5-7 weoks as is clearly aemon- 

strated by the tests of MARTIN 

and MUELLER. But no greator mechanical significance should 

be attributod to the phenomenon in the beginning. There is 

no such possibility in the tosts of the second series in 
which fatigue fracturos wore produced in living dogs by the 
electric excitation of the nerves. It is not permissible to 
_assume that such a structure altoration of the bone becomes 
manifest within the first 16. - 2] hours. Nevertheless these 
fractures look exactly like those of the first series of one 


_ fractures. The results of the tests confirm the thesis, 
_ that fatigue fractures are genuine fractures produced by 
an exactly definable mchanisn, i.e. by a constant re- 
petition of the sane strain. In this case living bone 

is fractured in exactly the same way as dead bone. Due 
to this mechanism sound, diseased, or other bone tissue, 
which had undergone structural changes may break. Gen- | 
erally speaking a fntigue fracture will occur only when 
a certain critical value is exceeded. This is one of the ~— 
specific characteristics of the fatigue fracture. In 
addition, the single strain on the bone must in each . 
case exceed a certain critical minimum. If the critical | 
minimum value is not attained, the bone will not be frac- 
tured. The tissue will stand the strain it is subjected ~ 

E. to and even its frequent repetition. This may explain 

; why in MARTIN and MUELLER's tests no fracture was ob- 

q served. The strain which is exerted upon the ulna is not 

: so heavy as to attain the critical minimum value. It is 

however, abovo the normal value so that a zone of recon- 

struction will develop et a later time. 


A sound and also a diseased bone will react by a 


" fatigue fracture if subjocted to a rhythmic over-strain. | 

: If the single strain does not excecd a cortain critical — 

‘ miminum valuc, a zone of reconstruction may develop. This — 
‘ zone of reconstruction will however develop only in dis- : 

q eased bone or sound bone which, under the influence of 

4 the constant strain, has undergone gradual changes. This 


over-strain is in 211 esses the result of muscle traction 
either by especinily powcrful and frequent muscular actions ~ 
© @ourring (as for instance in caso of a march fracture), or | 
' the bone is weakened. In this case the bone may be weakened — 
» through mechanical forces in the sonse of the "notch" cffecte = 
A traumatic infraction may also be considered as such a : 
' notch infraction or the bone is debilitated because the 
mechanical capacitics of the tissue are diminished as for — 
instance by the effoct of X-rays or a disease such as tabes.. — 


The most impressive method of producing fatigue frac- 

tures by experiment is the application of X-rays. The a- 
bove mentioned observations by PHILIPP 2nd BAENSCH as to oF 
the development of fractures of the femur neck after an in- 
tense irradiation of the uterus lcd this author to the Ne 
idea of producing fractures of that kind. in dogs. The cx- 
tended research work sterted in collaboration with the X- 
. ray expert H. BADE, whose early death is regretted, did | 
not show any success. The results of these investigations — 
are givon below. | i | dy 


Opinions differ on the effect of X-rays upon the bone, 
Therefore it seems to be worthwhile to describe these tests 
_and their rosults, We shall only discuss the effect of the 
X-rays upon the bone as the framework of the body, while 
their effect upon the bone marrow as a hematopoietic system 
is not invostigated. eee, 


-- The first report on a disorder of the growth of the 

Skelcton came from PERTHES as long ago as 1903. He had 

irradiated one wing of a chicken, one day after hatching, 

_ with a dose of 12 German unit skin doses (German abbre=s 
HED) and observed in the sequel a distinct retardation of — 
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2 ; The observations of PERTHES do not seem to become 
general knowledge, for in 1907, during the Third Congress — 
of the German Roentgen-Society the information given by | 
FOERSTERLING as to the disorders of growth caused by X- 
rays was received with great consternation as something © 
quite new. FOERSTERLING had reported on the retardation — 
of the growth of young rabbits exposed to total irradia- — 
tion with relatively small doses. But, even in cases of 
partial irradiation he was able to observe distinct in- 
hibitions of growth, the extent of the damage being in © 
proportion to the dose administered. Furthermore he ob- | 
served that the effect was the stronger, the younger the 
animal was. Consequently he concluded that in small v 
children one must in every case be very careful with the 
use of X-rays. In the discussion which followed his re=- — 
port, HOLZKNECHT declincd to apply FOERSTERLING's obsor-— 
vations made in animal tests to the human body, because © 
the test animals selected show an incomparably more rapid | 
growth than humans. Contrary to these quite definite re- 
sults obtained in animal tos dere only a small number of ob- © 

' servations on humans were a able at that time. In some © 
cases at least itwas doubtful tcc the damages were ex= 
clusively caused by X=reys. In order to find out whether - ~~ 
FOERSTERLING's sae au gr ete with regard to humans wore cor- | 
rect a committce was established ee he had finished his 

report which was Siicaed to gather and examine ell materi- 

i al available. In the following year FOERSTERLING himself | 

reported about the results obtained. ; 


None of the surgcons had observed any disturbance of 
the growth as a consequence of diagnostic measures, in 13 
cases it was, stressed particularly that no disturbances of 
erowth had occurred in children exposed to irradiations. 
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. | Only in five cases was it possible to blame X-rays 
or redium emanations for the development of disturbances 

a of growth, but in all of these cases groatest caution was 
a required as to the evaluation. Aftcr that the committee 

—s- game to the conclusion that in humans the danger of a dis-— 
turbance of growth is only very slight. A damaging adie. 
on the growth was considered to be possible only in case 

of very high doses administered to very small children. 
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As a result of the hardly ever reported damages to | 
humans, PERTHES in 1925 came to the conclusion that the 
danger of disorders of growth must be only slight because 
otherwise a larger number of cases of this specific kind 
would have been reported. BIRK and SCHALL came to the : 
Same conclusion in 1926 and emphasized once more that there 
w2s no conformity between the results of the animal tests 
and clinical experience. 
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In 1928, BECK discussed six cases from the Seeeinnd 
clinic at Kicl who at an ago botwocn 14 and 6 years had 
received high doses of X-rays for treatment some of whom 
showed considerable disorders of growth. Three of these 
cases suffered from tuberculosis of the knoe joint and 
three of them from tuberculosis of the ankle joint so that 
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| the lcatics nih ite was really a pure dices oatsele 
by X-rays could not be definitely answered; for’ it is cor- 
tainly possible that the existing tuberculosis was respon= — 
sible for the disturbance of growth. 


Disorders of growth in man do however occur, as was 

: shown among other things by a case published by HAENISCH. — 
4 This was a young woman who as a girl of 34 years was ex- | 
posed to an intensive X-re iy treatment because of a tumor 

of the right upper arm. She was suffering from a con= | 
Spicuous disturbance of growth of the right upper arm, of — 

the right shoulder bones ard of the right side of the oe 
thorax. Moreover, there was a serious dystrophy of the 

right breast. 


Consequently we must admit that there is a damaging 
effect on juvenile bone. 


How about the danger of a damaging effect on human 
adult bone? In 1930 FLASCAMP reported, in his eeene ae 
about damages caused by X-rays, that a damaging cffect on 

healthy adult human bone could not be observed. 


As to the possibility of a dama te effect on discasod 
bone he was of the opinion that in those cases we are not ~ 
confronted with true damages caused by X-rays but with come 4 
bined injurics = 


I also belicve that the jaw necrosis occurring after — 
irradiation principally as a damage of the bone hardly ever 
constitutes a pure X-ray damage as in most cases it is ob- 
served only with cither carious teeth or in cases of in- 
fectious processes, 


mj . Likewise 211 known cases of sorious bone damage and 
extensive X-ray ulcera efter an obvious overdose with X- 
rays do not suggest a particular sensitivity of the bone. 


BAUNSCH's and PHILLIPP's cases of fractures of the 
neck of the femur in women with uterus carcinoma which ; 
were irradiated from letercal pelvic areas anu which the Fie 
authors traced back to the irradiations as the cause for 
them suggests the conclusion that also adult bones - at 
least to a certain degree - are sensitive to X-rays. In 
the cases in question we are not dealing with woman of ad- 
vanced age - as suggested by ELLINGER - for one of the w- 
men patients was only 55 years old, the two others however _ 
were 68 years old. The female patient referred to by ” 
BAENSCH was at the time of the irradiation only 45 years a 
old. In the case published by BAENSCH in which according 
to the desage recorded, an overdose was applied and also ~ 
in PHILIPP's three cascs with fractures of the neck of the 
femur there is no doubt that they were caused by X-rays. 
In PHILIPP's two cases of the 68 year old patients the > 
& . possibility must be admitted that a senile ostcoporosis 
might have played a certain enhancing part. SCHIFFBALU- 
MER published a quite analogous case of a fracture of the 
right femur neck in a 67 year old woman who had been ie 
_ treated by X-rays and radiun because of an inoperable a- jam 
cute carcinoma of the cervix. a 


- of the intensive X-raying. Bony hoaling is delayed. 


“It is my Spinton that in all cases with straight 
fracture lines running vertical to the axis of the neck © 
of the fomur wo have to deal with typical fatigue frac- |) | 
tures bocause all of them are located at the same spot, 
iece at the spot of highest tension. A bone damaged by 
X-rays could not stand the usual minimal strain of dai- 
ly lift any more and reacted upon the rolatively too 
high strain in tho way of a fatiguc fracture. 


The inhibition in development of the growing bone 
due to X-raying observed first by PERTHES soon gave the . 
incitoment for expcrimental studies of the formation of 
Callus. SALVETTI was tho first to demonstrate with ra- 
dius fractures of rabbits that after irradiation the ee 
healing of the fragments was delayed. In his experiments © 
the fracture sites wero X-rayed every day for a period of 
ten minutes. Consequently the total dosis was presumably — ue 
higher as the author did not give accurate data on the 
doses administored. 
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Contrary to baeir Pindtngs ALEEE, ‘found RN oat a delaying” 
hor a stimulating cffect of X-rays upon the healing of the 
fracturo. In a groat numbor of rabbit tests FUKASE ob- 
served a favorable influcnce of X-rays upon the formation 
of callus. This author holds for a difference between | 
the quality and the quantity of callus which to a certain 
degree are antagonistic to cach other. According to his 
studies 2 slightly smaller amount of callus is formed’ pee : 
medium doses of about 400 units are administered. The X- — 
rayed callus shows a bottecr calcification than would bo 
normal, and hoaling rosults faster than without irradia- 
tion. After the applicetion of small doscs of 200 units. 
no distinct and roeul. r improvement of the healing process © 
was observed. In his tests in which shortly after the in- 
jury vory large doses of X-rays were administored hardly 
any callus appoarod for ea period of two weeks. After. 
that time he observed an increased formation of callus 
which was ascribed to a decp hyperemia as a consequence 


Starting from the concept that small doses of X-rays 
stimulate the cellular metabolism several surgeons tried 
to increase the formation of callus in humans by irradia- — 
tion. FRANKEL, ESSDR, KOHLER and others have irradiated 
fracturos with small dose s of X-rays and they believe that | 
they were successful in specding up the healing process. 
As pointed out by Walter MUSLLER in 1923, this method is 
of no practical Significance, which proves that. so far no. 
noteworthy results were obtaineds Today most X-ray ex- 
perts either deny the biopositive effects of the X-rays or 
they at least show some scepticism as regards thom. It is. 
a matter of fact thet large doses of X-rays inhibit the 
formation of callus. Furthermore we know that fractures 
- in intensively X-raysod bones do nob heal, 


In all experimental studics made during the last years — 
the authors unaninously have come to the conclusion that X- 
Yrays cause an inhibition but in no case a specding up of th 

form tion of callus ane, a consolidation of the fractures. 
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-HILLAROWICZ and BROSS allegedly observed pronounced dis- _ 
turbances of the formation of callus even after the appli- 
cation of very small doses of X-rays. AS a result of Bsa « 
their observations they warn against making an excessive 
number of roentgenograms in fractures. This apprehension 
however is unfounded. Surgeons and roentgenologists a- 
gree that X-ray cxaminations cannot be blamed for an un- 
Satisfactory healing of a fracture. 
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In my personal tests, dogs were given high doses from 
the lateral and medial: aspects on either one or both femur | 
necks. We did however, not suceced in producing fatigue 
fractures even after incrcasing the dosis up to 12 times 
400 units per field, in which case both fields of. the one 
side were :-exposed one after the other on the same day. 


When an extremely high dosis was applied most serious © 


damages of the skin and the musculature were observed so ie 
that the test dog had to be killed three months later. But 


even in this case of a most serious over-dosage, the X-ray 
Showed no changes of the X-rayed bone. The doses we ad- . 
ministered in this case were as follows; 180 kV, 4mA, fil- — 
ter 065 Cu, 1 eo Al, FHA 30 cm, intensity 37 units per 5 
minute, HOS, 1.1 mm Cu. The dose of 400 units represents a 
the effective skin dosis, the daily dose acting upon the 
: neck of femur amounted to 560 units. ‘This means that both © 
j necks of femur received more than 8000 units including the 
| additional dose from the other side. Between the irradia- 
tion series of either side there was an interval of two 
weeks, | 


If we did not succeed in producing a fracture of the 
neck of the femur in dogs by deliberate over-doses one 
must not forget that the static conditions in the neck of — 

a the femur of dogs as quadrupeds are much more favorable 

j than in man in whom it is just the fcmur neck that has 

to stand the @reatest tension becauso man walks in an up- 
right position. . 


. Furthermore it must be kept in mind that an injury 
i of the bone through irradiation froquontly may remain la- 
tent for a very long pzriod of time - as stressed by RE- 
GAUD - and that manifcstations of these injurics are ob 
Served only after a trauma or an infection. 
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From the cxaminations by EWING, PERTHES, RAHM and 
others we lcoarned that the histological picture of bone 
injuries caused by X-rays shows an impairment of the 

| vessels, a reduction of the number of the ostcoblasts 

— and the development of sclerotic connective tissue in 

. the marrow cavity. When examining the irradiated bones 
_ of the test dogs with special regard to this fact, we 

— # observed most Serious alterations even in those ceases. 
. in which they had reccived doses not causing serious 

> damage to the skin, as for instance 2 series of 12 times 
300 units in intervals of two months. ven the macro- 
' scopic inspection of the cuts of bones which in their 


external aspect as well as in the X-ray picture revealed 
no alterations, did not show a normal red bone marrow but 
@ marrow which was yellow in color. 


Sea @ histological cxamination shows a fibrous mar- 

-  Yrow in which neither red nor white blood corpuscles are ~ 

‘ observed. In contrast to the other side which was not 

exposed -to the X-rays the cells of the bone substance ~ 

hardly assumed any stain. The alterations are particu- 
larly serious in its cell nuclci. 
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In ordor to demonstrate that oven small doses in- 
fluence the bone, at least as regards its functional ae 
altcration, the left forc-legs of test dogs were ir=- 
radiated with 6 times 400 units (the conditions of the ; 
irradiations were the same as above) and MARTIN's and 
MUELLER's experiments were repeated with the irradiated 
extromities. . ay 


Subsequent to the irradiation, in five dogs, 2 cm 
long pieces of bone were resectod from the left radius bhp: 
with the dogs in Somnifen narcosis in much the same way | 
as in the control tests during which tho bone was not ex=- 
posed to X-rays. During these opvrations any lesion of  — 
the ulna was most cautiously avoided. All wounds, even | 
those which had been irradiated came to a healing with- 
out any infection. In the cases which had not been ir- 
radiated, distinct periosteal depositions were observed 
on the ulna 2 to 3 weeks later, After a lapse of 6 weeks ~~ 
they attained a considerable size. In the irradiated Re 
Cases neither bony apposition nor alterations of the bone | 
structure were observed during frequent consecutive X-ray _ 
controls. : 


In the skin a slowly developing alopecia was observed. 
Other reactions could not be proved contrary to the find=- 
ings in the intenscly irradiated dogs in which exudative 
dermatitis or even ulcerous dermatitis were observed. The 
general condition of all animals howover was normal. 
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i" with typical fatigue fractures of tho ulne which was clear- ~ 
ly noticeable by the absolutoly transverse course of the ~ ’ 
_ fracture cleft which displayed no comminution. Also after 
oS that time the ulna did not show any or only negligible . 
' poriosteal reactions and furthermore no altcraticns of 
4 the bone structure woro observod. 


= The dogs were kept undcr observetion for half a year, 
» - Mme of them were kilied carlicr primarily in order to on- || 
' able histological studies cf the connective tissue around 
q the fracture. But even after half a year no alteration of 
_ the connective tissue was observed which could be attributed 
to the effect of the irradiation. a 


: Inno case did fatigue fractures of the ulna showa © 
Marked straight forward formation of callus so that in no 
ease a bony healing was obtained. 


Zones of reconstruction in the ulna were not observed 


_ gn any case of a fracturc following largo. doses o ~Trayse 


oe 
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The following picture which shows the distinct differ- 
ence between the irradiated cases and those not. exposed to 
the X-rays should illustrate once more the findings dis- 
cussed above. 
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Illustration le 


After the resection of the 
radius of a dog (a) a thick- 
ening of the ulna in the sense 
of a functional reconstruction 
is observed on the side oppo- 
Site the resection site which 


does not appear after irradia- 
tion. Instead a fatigue frac- 


ture develops (b). (According 
to BADE and KUENTSCHER). 


After the resection of 
the much stronger radius the 
ulna can no longer stand the 
normal strain when periosteal 
deposits do not develop; all 
the more because a tension 
develops on the place opposite 
the resection site, 


The most remarkable feae 
ture of the experiments how- 


ever secns to be that doses 
which cause an epilation but 


no other alterations of the 
skin and which do not cause 


an el tecreation of the connec- 
tive tissue, lead to a Conm- 


plete suppression of the 
functional bone reconstruc- 
tion. DAHL was correct in 
saying that the bone, prin- 
cipally however its normal 
ostcogenic tissue, is much 
more Sensitive to X-rays 
than the skin and the con- 
nective tissue. In rat tests 
with doses which produced 
temporary dermatitis with 
late alopecia of the skin 
and stronger doses he pro- 
duced permanent steriliza- 
tion, spontaneous fractures 
and finally necrosis of the 
bone after a complete break- 
down of the blood supply to 
the afflicted limb. -By ap- 
plying smaller doses he ob- 
served a paralysing effect 
upon the osteogenesis. In 
his analysis of ray damages 
in humans he came to the 
conclusion that a coherence 
exists with his findings in 
aninal tests. Contrary to 
the hitherto gencrally ac- 
cepted theories, DAHL's and 
my own results, as well as 
those of othor investigators 
led to the conclusion, that 
bone belongs to the group of 
the radiosensitive organs. 
Aas to its regenerative and 
functional power the bone is 
even most sensitive so that 
as regerds this its sensi- 
tivity does not depend on 
the propertics of the con- 
nective tissue in it but 
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Se everk, Principally he observed cellular infiltrations in 
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my The Pe nonts prove that the functional trans- 


yet doveloped. The letter process takes at least 8-10 a 


Teys must not be expected to show any regcncration. Re- 


ing can be oxpectod. (In this connection I would like “ 


thoss cases in which we heve to dcal only with an in- 

» fraction. Very often the altcraticn taking place in the 
bone is first observed by that formation of callus. Con- 
trary tg that in the zone of reconstruction no, or only 
EP vory Slight, formation of callus is noticeable. LOOSE 
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_ must not be considered as fractures. 


formation of the bone may bo suppressed by X-ray irra- 
diation. The ulna reacts to the increased strain and 
the deformation with an apposition of bone which is 
vory distinctly shown in Illustration 13. Such an ap- 
position of bone is not observed after irradiation and 
thus the fatigue fractures dovelops just as during a pre- 
cipitate training of recruits tho fatigue fracture oc- ° 
curs because the functional apposition of bone has not ' 


wecks. <A bone which has reccived a higher dosis of X- 


sections, transplantations, plastics, etc. should there- 
fore not be made with such bones, because no normal heal-- 


to rofer to chapter VII in which it is discussed that in 
cases of that kind the merrow nail as a permanent sup- 
port may still be a means of aid} The pepe’ Doe uivocal= 
7 roved that in fatigue fractures we have 


anism which is fe just bo the ays ames 


"Mochanicall roduced" diseases of the bones 
and joints. ye ; 


Both groups of discase are due to "mechanical" con- 
ditions and therefore are equal in localization. To this 
field belong quitc a number of discases of spongy bone and 
the articular heads. Sometimes the fatigue fracturc con- 
stitutes tho local mnifestation of the discases whiie in 
other cases they appear as zones of reconstruction. The — 
histological impairment of the bone in fatigue fractures 
was studied by SCHUERMANN in ea large number of cases. He 
often observed only an‘infraction of the upper compacta 


the damaged areca and frosh hemorrhage. .These are pictures — 
of the kind seen in fractures. In the mnes of roconstruc- 
tion we find the well-known alterations: Destruction of 
the old bone lamellac by lLacunary resorption and its re- 
placement by a plexus-like bone which in the beginning oe 
does not contain any calcium. Finally I would like to 

point to the following fundamental difference; In fatigue 
fractures an abundant formation of callus occurs even in 


himself was of the opinion that regarding the clinical 
and roentgenologiceal symptoms the zones of roconstruction 
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In all cases the "diseased areas" stand vertical to 
the causative forces i.ec. vertical to thetension maxima 
cerresponding to the traction of the cntiro muscle mass. 
(Soe Illustration 14a and b). 
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Illustration 1h. 
a b 

Shows the traction cracks . Scheme of the position 
on the radius when undor of the discased areas 
Strain in the direction of in relation to the di- 
the musclo traction, iC. rection of the muscle 
& Strain aining at "Zer- traction in zones of 
knickung” (angulation) apposition and fatigue 


(according to KUENTSCHER). fractures. 


Excepted from this rule are tho reconstruction zone 
and fatigue fracture in the neck of the femur because of 
the diffcorent locati=n cnd course of the tensicn maxima 
in the neck of the femur as pointed out previously (Il- 
lustration 3 and 4). : 


To this ficld bolong: The Giscase of the scaphoid 
bone first obscrved by KOEHLER and called efter him (KOEH- 
TER I) and the discase of tho head of the second, metatarsa 
bone (KOEHLER II). In rare cascs also the head of the 
third motatarsal bone is involved and in one casc even an 
invelvement of the first metatarsal bone was obsurved. To 
this field bolongs also KIENBOEUA's disvaso of the semi- 
lunar bone of the hand and othcr diseases which are less 
frequently observed, as for instance the malacia of the 
Sesamoid bone (RENAUDER). Rare cascs of similar diseases 
in the sternum and also in the acromial ond of the clavicle 
(FRIEDRICH, ECKER) and in the head of the humcrus (PAIMER, 


ik bias” eee. Y 


the unciform bone and greater multiangulum 
( BUCHMANN Similar changes in the epiphysis of the eS 
tepminal phalanx of the fingers were observed by KON- ye, 
ghtewy and BRANDES. Similar changes in the epiphysis a 
of the central phalanx were also observed (LEHMANN, 
 THIEMANN and others). In the lower epiphyseal line of: i 
_ the femur milacic processes were described by NILSONNE, iy 
HANSEN and LANGENSKJOVLL. BURCKHARDT refers to one = 
case of similar altcrations in the tibia head. 


Snot 
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This also refers to certain cases of patella bi- 
partita which in this connection are known under the 
term osteopathy of the patella. MAU, ROSTOCK and others 
' observed zones of rarvcfcection and bone necrosis in the 
patella. The numerous casos of opiphyseal necrosis of 
_ the os calcis are prep iy also sometimes duc to a genuine | 
_ aseptic necrosis. AN 


4 STLFVERSKIOELD for instance gives an account of a . 
_ posttraumatic necrosis in the euboid bone with alterations — 
_ rosembling tho Sea malacias.e - The calcaneus was sinul- 

» bancously afflicted | 


The author has dealt with such a disease in connection 
* ii’ cuneiforn., 


Finally there is a close reseriblance of these diseases 
with PERTHES' disease of the hip joint and with the osteo- 


' ghondritis dissecans in the elbow and knee joint and other | 
Joints. All these cases are characteristic changes of the 
Bepiphyets. Through |AXHAUSEN's investigations one knows 
they are non-specific aseptic necroses (Epiphyseal 
" neorosis) . 


; Since the problon was raiscd by KOENIG the question 
. this disease develops and a’ ehes many althors a are 


of the opinion that they are due to mechanical factors. 
Some of the authors assume that the vascularization was ‘ 
disturbed in the corresponding region of the bone which later — 
becomcs necrotic. MThis may occur if the vesssls became ob- 
structed by an embolus (infarction) or if there is an in- 
Te ectious toxic danage of the vessels, 


a KAPPIS, however, points to the fact that this does not. 
explain hemorrhages which are. so frequently observed in 

_ these necroses, Hemorrhages of this kind must be of trau-— 
matic origin which speaks in favor of the theory of the 

_ traumatic origin of the necrosis. In many cases it is 
possible to trace such a trauma in the previous history, 
in mest cases however, no such trauma was traceable. In 
almost all cases of malacia a transverse fissure is ob- 

' servable which might bo interpreted as a fracture cloft. 

» The course of this fracture cleft does not correspond to 
the course of other fracture clefts developing at these. 
spots. In most of the cases the traunea has occurred long— 
AZOes Morcover, the paticntts statcmonts as to a previous 
trauna are in no8t of the cases not reliablc. W.:MUELLER 
nterprets the cleft as a regional zonu of resorption 

ich has developed in tho course of time on the basa | 

Por mochenical conditions. ‘This zono is the regional reac- 
ion of the tissue to mechanical factors acting upon it. 


This is in conformity with the developing of LOESER's 

Zone of reconstruction at the diaphysis of the bone. 

This theory was also adopted by HEINE. According to 

_ BRUCKHARDT the most essential thing is that in this 

' case a large number of minor injuries of the’ tissue 

_ develop and even small disruptions may occur in the 

' course of time. According to BURCKHARDT's theory we have 
to deal here with effects of pressure which are due to ab- 
Solutely locally conditioned angulations and to an dnenia 
of the bone trabeculae and probably also with a direct 
pathological compression of the bone cells. The absence fi). 
of bone regeneration is explained by the assumption that ce 

' this regeneration is not started by the necrosis of the 

- bone cells but by the cells of the marrow. This theory was 

- suggested to him by the observation made in congelation © 

tests of the bone. Such a damage of the marrow however 

is said to be not present here. ROESSNER demonstrates 

_ that the alterations in osteochondritis are similar to 


_ those pictures which are observed in the effects of a 

_ piston on soft iron produced by FREY's caustic method. 
' REISCHAUER points out that these pictures of osteochon- 
_dritis are similar to the effects which may be produced 
in steel by means of BRINNELL's hammering method. The 
author was in a position to show that in case of a con- 
tinuous prolonged rhythmic strain on the joint ends of ! 
the bone by means of an electric motor, cap-like fracture ™ * 
planes (shape of a priest's cap ) develop which correspond 
to the zones of malaciae In these tests the fractures ap- 

| peared as fatigue fractures. The bone trabeculae of the 

_ joint ends are angulated mny thousand tines by the pressure 
and regain their former shape as many times because of their 
| elasticity until finally by the process of loosening a dis- 
ruption and with it a fracture occurs. A fracture of this 

_ kind is observed in the zone of greatest deformation. 
F 
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i The question why in one case a FERTHESt and in the 
) other &@ KOEHLER II disease develops may be explained in 
|different ways. The localization of fatigue fractures 
' in long shaft bones depends only on the question as to 
'whieh part of the muscle mass was in action. In case of 


: 

gtre uous marching the met rsal bo and i se wad- 
Ding in nua the neck oF the remee wilt psoaky 22 Rentioned 
. 


_ above, in none of these cases was any local or general dis- 
€ase observed which would have given the description to those 
| fractures. The only striking thine was that only people 
'not accustomed to such strain and prevailingly those with 
long, thin bones were afflicted with the disease. It is a 


a As to the epiphyseal necroses we must take into con- 
Sideration that there must be a second local factor which 
May explain why it is just the afflicted articular head 
where the alterations develop, On the one hand inherited 
local dispositions are possible here, while on the other 
hand a local reduction of the mechanical stability of the 
bone substance through toxic conditions as through dis- BN 
orders of growth occur. Finally trauma may also be blamed 
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Even a@ very small tnfvedeton has the effect of a 


-noteh in which a considerable concentration of 


tension develops, which may give rise to the develop- 
ment of an extensive fatigue fracture. Surprisingly 
enough necrosis of the epiphysis occurs at certain ages 
as for instance KOHLER I, 5 years, KOEHLER II between 
14 and 18 years. The fact that exclusively youths are 
afflicted with this disease may be explained by the fact 
that in juvenils the bone substance is bent much more 
than at a later age and therefore the deformations are 
greater in this case. 


- 


C. The Mechanical Element in the Fracture Healing. 


All this was discussed in such detail because it is, 
of course, of the utmost importance for the comprehension 
of the process of fracture healing and the factors dis- 
turbing it. The mechanical element is of decisive inm- 


portance for the development of the callus which Leaves allother ’ 


factors, such as infection or hormonal influence far behind. 
In no case will it be possible to bring a pseudarthrosis to 
a healing by the administration of hormons, but only by e-" 
stablishing stable mechanical conditions. The callus must 

be protected against harmful tension maxima, It needs no 
further explanation that a fracture cleft running vertical- 
ly through the neck of the femur and in this way correspond- 
ing toa fatigue fracture in’any bone, heals badly or not 

at all, since, as already mentioned above, there exists as 

a result of the notch effect a tension maximmat each frac- 
ture site. In addition due to its softness the callus is 
Subject to a greater deformation and finally young tissue 

is more sensitive to all harmful effects. Much the same 
applies to the transverse fractures of the long shaft bones. 
It is well known that contrary to the elongated oblique 
fractures, the plain transverse fracture of the humerus has 

a tendency to develop pseudarthrosis. In thisway we easi- 
ly understand that we have to distinguish between “mechanical- 


ly favorable fractures" and. tad gam erent pe unfavorable frac- 
tures". -PAUWELS was the first to show it clearly in frao- 


tures of the neck of the femur. The shape of this fracture 
as well as that of any other is determined by the nature of 
the trauma and by the point of impact which caused the frac- 
ture. We must take into consideration however that in al- 
most all cases the muscle traction is of great importance. 
With only few exceptions (as for ins tance when under the in-_ 
fluence of alcohol) the bone is subjected to a great angulat- 
ing pressure caused by its surrounding musculature, which is 
combined with the dynamic force of the trauma. If’ in this 
way the vertical fracture cleft develops, considerable trac- 
tion tension maxima will develop in the fracture cleft which 
are due to the bending. If, as usual, the cleft is complete, 
perpendicular and shearing forces causing lateral displace- 
ment will prevail. If the fracture cleft runs in the hori- 
zontal direction - which unfortunately is observed only\in 
rare cases - the compressive forces will prevail. This is 

a mechanically favorable fracture. The share of the com- 
pression, traction and shearing forces is determined by the 


- inclination of the fracture plane from the horizontal (see 


_ Illustration 15, 


Illustration 15. 


Relation of the compression traction and 
ee Shearing forces in case of a horizontal 
ie (favorable) and a vertical (unfavorable) 
ae fracture of the neck of the femur, ac- 
3 cording to PAUWELS. 


ie As already mentioned above in detail the traction 
_ forces and in addition to them the shearirm forces act as 
Separating forces and therefore they are unfavorable for 
the healing of the fracture, as has been thoroughly proved 
in practice. The prevalence of the compressing forces in 
_ the fracture cleft is favorable for the healing process, 
_ The compressirg force prevents the development of disunit- 
ing forces, because of the always slightly jagged surface 
of the fracture planes. There is no pubt thet the de- 
_ velopment of compressing forces in the callus acts as a 
functional stimulant for the transmutation in the bone 
“tissue. In adult bone this corresponds to ROUA's law which 
Says that the compressing forces act as a formative stimu- 
.lant upon the osseous substance whereas the perpendicular 
and shearing forces cause a reduction of the bone. From 
the teleological point of view this seems to be the most 
appropriate reaction, because it is the function of the 
bone to transmit compression forces and to resist them. : 
The formation of connective tissue through the traction © 
forces seems to be quite Suitable in view of the general ‘ 
structure of the body as the transmission of the traction ne 
forces is the function of the connective tissue. This is MN 
most disadvantageous however, in the special case of the 
‘vertical fracture cleft of the neck of the femur. PAUWELS 
_ gave practical proof for the correction of this opinion 
by realizing an &Udacious idea. He transformed the un- ‘f 
favorable vertical fracture cleft into a favorable horizon- — 
tal cloft by cutting out a wedge performing the are 
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Illustration 16. 


Scheme of PAUWEL's opsration. Transmutation 
of the mechanically unfavorable vertical frac- 
ture cleft in a favorable fracture cleft by 
subtrochanteric osteotomy. 


By the insertion of e nhil in the neck of the femur 
the flow of the forces is immodiatcly altered, while this 
awmnot be accomplished oF, the use of a plaster cast, be- 
cause the tension and action of the muscles in the tongi- 
_ tudinal direction of the bone cannot be eliminated. _AS 


forces. “Tho more proximal it is located in the cross sec- 
tion of the neck of the femur the better it transforms the 
_ prevalence of the traction forces into the prevalence of 
the compression forces. A nail located very far distally — 
in the neck cannot fulfill its mechanical and biological 
‘purpose because the traction forecs prevail in the major 
aon of the Fracture cleft (see Tllustration 17). 


In much the same way all fractures may be classified 
either as mechanically favorable or mechanically unfavorable 
ecording to the position of the fracture planes to the 
‘igel SS of the muscular traction. pia these to 


Tllustration 17. 


Relation of the forces in the fracture cleft after 
nailing the neck of the femur (according to PAUWELS). 


a -On the other hand the o blique fracture is eat the more 
4 favorable, the more vertical the fracture cleft is. In case 


_ of a comminuted fracture we will always find oblique frac- 
ture clefts with a most favorable prognosis as to restora- 
tion. It is therefore possible to transform a transverse 
ie into a mechanically more favorable fracture by 

_ Splintering the ends of the fragments (according to KIRSCH- 
NER). This method in addition has a stimulating effect on 
_ the formation of callus, a matter which will be dealt with 
in the following chapter. If in cese of such a primary or 
_ secondary comminuted fracture a pseudarthrosis develops be- 
_ cause of an insufficient fixation, the pseudarthrosis cleft 
must run transversely corresponding to the site of the 
tension maximum. © 


. These mechanical conditions cannot be eliminated en- 

rely even by the application of a.plaster cast. Even in 
the not padded plaster cast (BOEHIER) the angulating strain 
LS nob a ta” ame action of the mascles cannot be 


“ie a are. possible. “The tiaceiaiane Otelde in the 
e oh Soro and bao Subcutaneous. Senneehtve tissue 


Tllustration 18. 


Scheme of the relation of the forces in 
the fracture cleft of long bones. 


It is a matter of course 
that harmful tensions will 
develop in all cases in which 
the plaster cast does not fit 
well and consequently does not 
fix the fragments sufficiently 
or if the cast becomes loose 
because of a muscle atrophy. 
It is absolutely clear that 
the unpadded cast of BOEHLER 
is mechanically superior to 


tllustration 19. the padded cast. Especially 
harmful tensions develop when 
Cross section of the central changing the cast so that the 
part of. the thigh in the plas- demand for a long lasting un- 
ter cast. The bone may be interrupted immobilization is 

moved to a certain extent in well founded not only by the 
any direction. practical experience but also 
from the theoretical point of 

vicw. 


It is a matter of fact that with an opposed motion of 
the fracture ends shearing forces develop. These may also 
occur as a result of rotation. There is much less immobili- 
zation in an extension bandage. Consequently much higher 
tensions may develop. This gives an explanation for the 
contention of numerous authors that through the introduc- 
tion of the extension treatment pseudarthrosis is becoming 
"more frequent. In the lower leg a further very interesting 
' mechanical factor is of great importance and it is responsib- 
le for the development of ea great number of pseudarthroses of 
' the tibia; this is the obstructing effect of the fibula. It 
was proved by experience that leg fractures in which the 
fibula is intact show a far greater tendency to develop pseu~ 
darthrosis than those fractures in which both bones are broken. 


he fibula, if it is intact, forms a fairly firm 
mechanical unit with the proximal and distal fragments. 
_ As sOon as the musculature is under tension, the thin 
flexible fibula will be rather markedly deformed so that 
the fracture planes are pressed together. As soon as the 
muscle traction relaxes the fibula will regain its former 
length and thus disrupts the fracture cleft of the tibia. 
All this means that in the entire extent of the fracture A 
cleft traction forces develop predominantly. (See Illus- ~ | 
tration 20). 7 ' 
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It is easy to understand | \ 
_ that the above mentioned cf- weet | 
t 


+ 


fect is as strong in case of agetar i 
an oblique fracture cleft as EA | \ 
in a transverse cleft. There ' | \ | 
is no doubt that by the dis- po | 
ruption of the fracture cleft ok: hi ae | 
_ a lateral displacement in it A ee 
be all the more easy, as no sn eH ain 
_ effective interlocking of the 7 : | 
fracture planes is possible. org i} i 
This means that shearing forces ee i | {| 
develop which in other cases PY 1 | 
- would be consumed by friction. | | 
‘This effect however is less i by i 
important in comparison to the Py BA 
first one. That these frequent- |, ~\/ Uf i 
_ ly observed pseudarthroses are i | ‘ ae 
- due to mechanical conditions a’ i | ae Ree. 
- is proved by the daily obser- 
vations of the surgeon. The Illustration <0. © | 
obstructing effect of the fi- Obstructing effect of the in-. 
_ bula is eliminated by resec- hock Pibaie in case of a tibia 
® tion of a ‘part of the fibula fracture. | | ia 
and most of the cases of this a) if the musculature is un- 
_ Kind come to a good healing der tension (strain) the 
_ after a suitable fixation. fibula gives way elastical- 
heeded it does not make any ly thus causing a dons ee 
difference at which spot the Sea vai teeth RES . 3 
' fibula is resected. In what Dene OR Ae eee cates 
_ other way is it possible to b) after relaxation the fi- 
_ explain the effect of this .  bula extends and disrupts 
- operation? - : the fracture cleft. ° 4 a8 


shape of the marrow cavity of the tibia a stable fixation is 
- frequently not obtained by the marrow nail (see chapter V)- 


ae 


There is no doubt that the elastic deformation of the 
tibia will be considerably greater in a walking cast, than 
in a plaster cast which confines the patient to bed. But 
in all these considerations one must bear in mind that e- 
ven the slightest deformations show very considerable ef- 
fects, as was shown in detail in the beginning of this 
chapter. fuch movements in the longitudinal direction 
amounting to a fraction of a millimeter only can by no 
means be prevented even by the best fitting ple ster cast, 
as the varying tension of the musculature is sufficient 
to permit movements of the fracture ends. Such an ob- 
structing effect cannot occur with a marrow nail because 
it does not recoil, ise. its deformation is so small 
that it is of no practical significances As an example 
I would like to refer to the case of the 38 year old 
patient G.M. who had suffered a fracture of the fibula 
and tibiae The tibia fracture did not show any formation 
of callus eight weeks after the accident. Only the fibula 
had come to a healing (see Illustration 21). By the ef- 
fect of the closed nailing (Chapter Ve) the nail jammed 
in the endosteat callus of the distal fragment and due to 

> the further driving in of 
the nail the fragments were 
separated from sach other 
so that we had to deal with 
a cleft of 13 em. Despite 
the fact that in this case 
no noteworthy tendency to 
form callus was observed the 
slight intervention as is the 
percutaneous insertion of 4 
marrow n@il and the resection 
of the fibula sufficed to, pro- 
duce the formation of so much 
callus thet even this large 
cleft was completely bridged 
over by callus. The gap was 
certainly not closed because 
of the loosening of the nail 
and by the consequent press- 
ing together of the fragments 
by mus ele traction. This is 
revealed by the fibula defect 
which was also bridged over 
by callus and the length of 
which remained completely un- 
altered (see Tllustration 21). 


of thee’kinGt® Pape. ShtSety§ 
impressing is one case which [I 


ikon ots owe to Dr. EHRLIGi. In this 


See ie Tei tec case of a fresh thigh fracture 
An § week o ibia fracture the fragments were driven apart 
did not show any formation of 14 cm. by the nail which was 
callus in the cast. too thic Also in this case 
a) The fragments were driven the gap was filled with bone 
apart during the marrow so that unintentionally an e- 


marrow nail jammed in the was achieved (see Chapter VI). 
distal fragment. No jamming The functional result obtained 
together due to the marrow was very good, because the pa- 
| nail. 
b)-The fracture cleft was bridged 
over by callus 8 weeks later. 


nail operation because the longation due to the marrow nail 


a 


tient was able to get up early and to subject the limb to 
weight bearing very early. The elongation of the limb a- 
mounted to.only 14 em. 


», 
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Tliustration: 22% 


Disruption of the fragments 
by the marrow nail which is 
too thick. 

a) The fracture cleft is gap- 


b) (3 April 1942) The gap is 
bridged over by callus. 
Periosteal rarefaction re- 
sulting from effect of too 
much pressure of the nail 
could be seen in original 
X-rays. 

ce) (1 July 1942) Heavy callus 
bridge clearly seen. On 2 
February 1943 after ex- 
traction of the nail good 
healing was evidente X- 
ray unfortunately not ae 
vailable for reproduction. 


All these cases prove that the marrow nail has certain- 
ly no harmful effect upon the forration of callus. 


Finally, the author asked D. SINN to examine a number 
of pseudarthroses as to their origin. He clearly found that 
mechanical causes had by far outnumbered all the other causes 
as for instance: infection of the fracture cleft, repeated 
Operations or general causes such as marasmus, diabetes, lues, 
etc. 


ing for 14 cm. (Nov.11,1941). 


7 ‘All harmful tensions can be completely eliminated by 
'means of the marrow nail. Thus it is the method of choice 
_for the treatment of pseudarthrosis. This treatment 18 

) Causal. 


at the fracture site but it also consumes all the tension 
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' 8 weeks after its insertion 


displacement is extremely 
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The marrow nail not only eliminates the notch effect 


maxima so that the callus can develop in a mechanically 
undisturbed environment. Only a very slight displacemat 
of the fragments in the longitudinal direction of the nail 
is possible in the sense of a pressing together of the 
fragments. Hence only pressure tensions develop every-- 
where in the fracture cleft. This means that any fracture, 
no matter whether it is 9a transverse or a longitudinal 
fracture is reduced by the marrow nail to a mechanically 
and biologically favorable fracture (see Illustration 23). 
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The pressure tensions 
become slightly greater in 
the course of weeks because 
the nail becomes loose and 
consequently permits an in- 
crease of motility in the 
longitudinal direction. 
Lateral displacement however 
as well as bending or shear- 
ing motion is impossible be- 
cause of the length of the 
nail. But even after a lapse 
of 8 weeks the longitudinal 


small when the efforts neces- | | 
sary to remove a femur nail = a e 


Tllustration 23 


(see Chapter V) are considered. 
Mechanical conditions in the 


All this is only valid fracture cleft. Only pressure 
under the condition that the forces are observed. All types ‘ 
marrow nail held with a great of fractures are reduced to i 
_ force by its proper elastic "mechanically and biologically ‘ 
_ forces as well as by those of favorable" fractures. iF 


é 
L 


the bone really forges a stab- it 
le union with the bone. Only e 
in such a case can we speak ae 
of a successful marrow nailing and only then have we to deal ! 
with a true marrow nailing and only then are we entitled to dj 
speak of a marrow nailing! If such an elastic jamming to- i 
gether does not exist traction and shearing forces may de- 


' velop in the callus and that all the more the greater the i 


disproportion is between the diameter of the marrow nail 


and the marrow cavity. In that case rotation of a frag- 4 


In case of an oblique fracture for instance such a rotatory 
movement is not possible, provided that the fragments are not oa 


" 
: 


4 


ment round the nail axis may occur but not necessarily so. Ri 


torn asunder, this is prevented by the muscular tension. In a 
a transverse fracture with the nail loosely seated in the ! 
cavity a rotation is easily possible.(See Illustration Sik} a 


“ ay if there is an 
meproportion, if, for instance 


' case. 
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Illustration 24. 


y Rotation due to a loose nail. 


a) impossible in case of an 
obligue fracture 


' b) possible in a transverse 


fracture. 


In all these consider- 
ations the marrow nail is re- 
garded as an absolutely rigid 
body with no deformations, 
This, of course, is not the 
As the marrow nail is 
made of steel its deformation 
is negligible in proportion to 
the strain, if its cross-sec- 
tion has the normal shape.. On- 
extreme dis- 


a much toowenk marrow nail 


- was used for the femur, the 
© deformation of the nail could 


be of real importance. The ex- 
istence of such a mechanical- 


biological effect was proven 
by FP. GRIESSMANN and H. REICH 
in very impressive experiments. 


' Comparable histological exami- 
Me aattous left no doubt that due 
oy a AE structural REUSE the 
. n marrow nal rac- 

Parcs” is Superior to the Callus 
s formed during treatment in the 
_ plaster cast because is : 


Any rotation of the frag- 
ments causes the development 
of considerable shearing forces 
in the fracture cleft. Thus 
it is adviseable when creating 
artificial fracture planes that 
means with resections, to pro- 
duce, if possible, such ob- 
lique planes. This applies 
particularly to the forearm 
where, in comparison to the 
other limbs the relatively 
strongest rotation musculature 
ex ists and where the rotation 
is of the greatest functional 
importance. 


There is also a bending 
through angulating forces which 
however, because of the length 
of the nail is not very exten- 
sive, as the angle is limited 
by the length of the nail. On- 
ly in those eases in which the 
nail is too short a considera7 
ble bending and with it trac- 
tion tension in the callus oc- 
curs. (See Illustration 25). 


we a * 


b 
Tllustration 25. 
Extent o ending in case of a 
marrow nail which is too thin. 
a) If the length of the nail 
is correct, 
b) if the marrow nail is too 
short. 
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ormed under conditions of mechanical rest. 


_ The above mentioned experiments were made in dogs. ae 
By means of the osteoclast in each case both tibiae were freee 
fractured without injuring the integument and in such a way pon 
' that the fractures were as equivalent as possible, without Rat 
any marked displacement. One of the legs was treated with Ate 
a plaster cast while the treatment of the other one con- ae 
sisted of closed marrow nailing (VII D). In those dog ex- papas 
periments in which the experiments were continued over a Se 
lone period of time, corrections were sometimes made of the 
position of the fragments’ which in the beginning was excel- 
> dient, and the plaster casts had to be replaced by new ones, 
™ These are measures similer to those applied during the treat- 
©" ment of man. The dogs wore killed 1, 2, 5 and 63 weeks after 
fracturing. The most conspicuous observation in the histo- 
logical vsicture was the absolutely correct organization of 
the callus and bone formation in the marrow nailed fractures 2 
» contrary to the irregulsr structures observed in the fractures 
» treated with plaster cast. The bone trabeculae are arranged ee 
® in absolutely regular tracts, as already pointed out by the Ben, 
' author in his first publications on his animal experiments. Bee 
This indicates that the callus devoloped under conditions of 
an absolute rest. This regularity doubtlessly means that the  — 
Callus must be of a greater mechanical value (see Illustration ~~ 


be) . 


y Both pictures (Illustr. 
Za 26 a and b) after GRIESSMANN 
Pee ageand REICH. 


* 
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Illustration 262. 
"14 days old tibia fracture in 
Mm a dog - treated with a plaster. 
' cast 


a According to GRIZSSMANN . 

' and REICH these tests showed 
the following results: While 
in fractures treated with the 
plaster cast not only the os- 
teogenetic elements take part 
in the stabilization of the 
fractured bone, the parosteal 
_ tissue does not participate in 
_ it when the marrow nailing 
method is applied. The tests 
proved that the periosteum 

ays the pre-eminent part for 


Illustration 26b. a 
oo) daiday old tivla fracture, in a. 
ss dog «treated with the marrow na 
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considerable formation of new bone far distant from the 
fracture site. In the corresponding area of plaster cast 
treated fractures a periosteal reaction cannot be observed. 


The periosteum of the marrow nail treated fractures shows _ 


Bey At the fracture site itself a good periosteal formation 
of bone is observed with both methods of treatment. It is 
striking, however, that the callus in plaster+-cast treated 

_ fractures creates the impression of an irregular and plexus- 

' like structure whereas marrow nail treated fractures show a 

| regular end radially arranged structure of the callus, 

. In both cases after a lapse of a certain period of time 

_ the callus reacts with signs of lacunary resorption which 

_with the plaster cast method appear at an earlier time and 

on the whole are more widely distributed throughout the bone 
where they are more pronounced, | 7 


“In marrow nailed fractures the bone marrow shows the 
formation of medullary callus along the entire extent of the © 
marrow nail. The nail bed itself is surrounded by a con- 
nective tissue sheath, that means delimited by connective 
‘tissue, In cast treated fractures the formation of medul- 

lary callus is observed only in the fracture zone, con- 
tributing together with the periosteum to the intermediary 
' consolidation of the fragments. 


; The structure of the callus formed in marrow nailed 
fractures is absolutely regular and leads directly to the 
consolidation of the fracture. Due to its high structural pes 
value it is much superior to the callus formed in cast treated 


‘fractures. The decisive fact is the structural quality of 
“the callus and not its quantity. [ 


KROMPECHER observed that the bone usually reacts with 
| chondrogenous development if it is subjected to pressure 
strain, while it shows a desmogenous reaction after traction 
strain, and where neither traction nor pressure forces a- 
rise an angiogenic development of the bone is to be expected 
‘under normal conditions. In dog experiments he produced leg 
fractures and perforated the bones proximally and distally 
by means of KIR°CHNER's wires in the transverse direction. 


In one series of experiments the ends of the fragments 
were pressed together by means of these wires, while in an- 
other they were pulled apart. KROMPECHER is of the opinion 
hat the same effects are to be observed in the process of 
1¢ healing of a fracture just as in the process of the nor- 
al development of bone. In those cases in which the frag- 
ents are pressed together he observed a cartilaginous pre- 
formation of the bone and in the cases in which traction 
_ forces existed a transmutation of the undifferentiated me-. 
senchymal germinal tissue to the temporary connective tissue 
callus. During this process reserve cells remain between the — 
Ollagenous fibers which are transformed into osteoblasts is 
and which envelop the fasciculi of connective tissue with 
bone substance. Due to its structure chondral callus is 
rticularly suitable for withstanding pressure, the des- 
oid callus, however is not. KROMPECHER's observations were 
supported by findings in a fracture, which had healed in 
ngulation. In that case there was a desmoid healing of 


t 


e convex. Tike Gales traction and at the other side, which 
under pressure, there was an enchondral fracture "heal- 
gz GRIESSMANN and REICH are correct in criticizing this 
conclusion. With KROMPECHER's arrangement of the experi- 
ments it is not possible to produce a pure traction or press- 
‘ure strain in the fracture cleft. Consequently in all “tae 
“pressure tests" traction or shearing forces will Simultaneous- 
jly develop. Only with the marrow nail is it possible to pro- 
_vide proper experimental conditions and to exclude all per- 
_ pendicular and shearing forces.. In their above described 
4 tests GRIZSSMANN and REICH observed that in marrow nailed 
4 p tractures desmoid callus is formed under pressure. This is 
-in accordance with the generally accepted opinion in pa- 
Btnolozy, namely that desmoid callus develops during frac- 
ture healing. In all experiments, during which the frac- 
tures had been immobilized by a plaster cast contrary to 
that they found an abundant formation of cartilage, es- 
jecially parosteally, which they traced back to the insuf- 
ficient elimination of the perpendicular and shearing for- 
‘ces. 


Q This author would also like to point to the fact that 
‘in KROMPECHER's experiments the callus is not under direct 
traction because the traction is consumed by the soft parts, 
principally by the musculature, | 


q It was shown that the final development of callus al- 
most exclusively depends on the forces acting in the frac- 
ture cleft and therefore depends on the mechanical condi- 
tions. The author would not like to create the impression 
of considering the healing of a fracture as a purely me- 
chanical process. This would be too superficial. But 
Tather it is a fact that suh a mechanical analysis leads 
deeper into the biological problems, since there is aga | 
Salient problem the question: Why does a mesenchymal cell 

orm a hard pressure resistant calcium sheath when it is un- 
der pressure and why does it in the other case produce con- 
nective tissue fibers? We do not even know whether it is the 
orce itself which determines the cell to do that or whether 
it is deformation caused by it. 


: The mechanical analysis is essential for the understand- 
ng of the processes taking place during the healing of the 
racture and in the same measure for the evaluation of the 
biological effects in the various methods of treatment. 


| Here it becomes apparent that the marrow nailing oper- 
tion isso to speak the logic conclusion from the findings ob- 
ined so rar by research work and that it creates ideal bi-_ 
ological conditions at the fracture site. But only a certain 
section of the conclusions could be discussed here to avoid 
nm undue volume of this chapter and many a valuable publi- 
ation could not be referred toe A detailed description of 
ose problems may be found in W. BLOCK's excellent pists: 
R ie normale und gestoerte Knochenbruchheilung". 


| The question now remains to be discussed, how it actual- 
‘comes ae the Fore bion of that callus. 
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‘De The Formation of Callus. 


Through the fracture of a bone the ends of the frag- 
ents or their surroundings are suddenly induced to form 
special tissue, the callus tissue. After that instiga- 
ion the process develops automatically. After a certain | 
period of time this complicated development of tissue pro- 
liferation comes to a standstill. According to the mechanic 
_ conditions the tissue forms either bone tissue or connective 
tissue. With this the automatism is exhausted. The process 
may be either delayed or entirely suppressed by means of X- © 
_ rays. In the extremely extensive literature about callus 
_ there is no agreement on the so very important question of 
what incites the development of callus. | 


q Only that is certain that if we want to set this auto- 
-matism in motion or if we want it repeated - as for instance 
in case of a pseudarthrosis- the only means to achieve that 
effect is to produce a fracture again, either by using KIRSCH- — 
NER‘s comminution method, BRANDIS' sawing, or BECK's dvilisxas 
ing, etc. All these interventions actually do not represent © 
anything else but the production of larger or smaller bone ~ 
fractures. The stimulus causing the formation of callus is 
accoruing to the opinion of eed authors either due to hor- 
-monal or chemical effects of substances which are found in 
the fracture hematoma or which originate from the decay of 
tissue. Lastly such stimuli are said to originate from the 
bone marrow, or they are ascribed to the acid reaction of RS 
the tissue caused by the inflammation. Through the stimula- 
tion of such stimuli, namely by the acidification of the ; 
tissue, the injection of hormons, hormonoids and vitamins, 
“homogenous blood, etc., one does not succeed in similarly 
stimulating the formation of callus, as it results from 
' bone fracture and the above mentioned bone destroying inter- 
vention. The second very important question cannot quite 
clearly be answered. This question is where the formation 
f callus starts, whether in the marrow, in the periosteum, _ 
in the bone substance itself or in the surrounding connective © 
tissue. DUHAMEL was the first to discover the bone forming 
properties of the periosteum and DUPUYTREN ascribed the ‘ 
property of forming callus to the bone substance of the frac- — 
ture plane and to the surrounding connective tissue. The 
difference of opinion on this subject between BIER and LEXER 
is well known. As pointed out by BLOCK, BIER did not attach © 
_ exclusive significance to the marrow nor LEXER to the peri- 
osteum, but both only predominance, Just as in SO many pro- — 
cesses of the living organism, here as with the stimuli pro- 
' voking the formation of callus general causes and possibili- | 
' ties are coordinated to each other and act simultaneously. 
The recently acknowledged opinion is that mesenchymal cells ~ 
originating from different tissues form callus and thus oan | 
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_ differentiate into bone, cartilage, or connective tissuce 
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Callus without bone fracture. 


With his first marrow nail operations the author ob- 
served that in some cases enormous quantities of callus 
developed. This was nothing unusual due to the elimina- 
tion of all harmful mechanical effects and the intact 
local and general blood circulation as a result of the 
Carly exercises a good formation of callus had to be ex- 
pected from.the very beginning. In many cases however, 
ell this was not curfiatent to explain the development 
of such considerable quantities oF callus as had been 
observed in so many cases after the use of a marrow nail. 
When studying the X-rays one rather is under the impression 
that the nail inserted in the marrow has a greater stimulat- 
ing effect, as for instance formation of callus extending 
to the trochanter minor is observed with fractures located 
in the middle of the femur. In this case the picture of 
the so-called "periosteal deposition" frequently develops. 


In dog experiments the author made the attempt to 
produce angulations by using spring blade marrow nails 
and in this way it wes possible to prove that such a stim- 
ulating effect is possible. Originally these tests were 
made in order to find out whether or not it would be possi- 
ble to correct angulations and bendings of the long bones, 
which occur as. the so-called delayed sequelae of rickets, 
by using appropriately sheped nails, as they cannot be 
eliminated otherwise in a satisfactory manner. In our dog 
experiments it was attempted to produce alterations of the 
shape of the bone in the sense of angulations. For this 
purpose strong leaf springs were percutaneously inserted in- 
to the marrow cavity and the bending force of the springs 
could be modified by using leaf springs of different strength. 
By the use of several springs it was possible to increase | 
the force with which the entire bone was kept under constant 
bending tension. The result of these tests was surprising: 
Not the expected angulation occurred, but the bone reacted 
against this force by increasing its resistance with a4 new 
enveloping callus and remained absolutely straight (see 
Illustration 27). 


In some cases the bone became so much stronger, that its 
weight was doubled. Considering the fact that the mechani- 
cal stability of a tube under otherwise identical circum- 
stances depends on its exterior diameter (distance of the 
circumference from the mechanical axis) this would mean 
quite a considerable increase of the mechanical stability. 
(See Illuw tration 28). 


poo 


Tisustration 27. 


Marked formation of callus in the femur of 

a dog after the percutaneous insertion of 

a strong leaf spring made of stainless steel 
into the marrow cavity. 


Illustration 28. . 
Right femur of a dog after thé insertion of a 
spring into the marrow cavity which resulted in 


the doubling of the weight. Normal femur on the 
left. 
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‘however, is bee only in a ecmerietea sense ben) 
j cause the newly formed bone is considerably softer in the 
beginning and the original compacta is reduced partly. % 
This new bone is so soft that it can be carved witha 
knife, making it very suitable for chip transplantation, 
particularly as it is an extremely active Ge Na Re tissues Pt 


The above roentgenograms reveal that the callus 
_ grows radially. This makes the surface of the thickened 
- bone feel rough to touch. If the stimulus is faint, we 
i see only pictures like a "periosteal aggregation"'with, a 
marked space between the corticalis and the callus. In  — 
case of medium strain on the bone we observe quite regu- 
ler thickenings, whose development from such aggregations 
is evident. After a lapse of some weeks the roentgeno- 
grams show an increasing dissolution of the border bet- 
ween the corticalis and the callus. The corticalis then 
' in parts becomes poorer in calcium agi he Showing erra= . 
a tieally defined, larger, sometimes striated rarefactions. 


. Later the marrow cavity itself appears veiled, and 
the border between the two areas becomes distinct. This 
_ veiling cannot be ascribed only to the periosteal callus ae 
®. above it, but it is a symptom of avery strong endosteal 
formation of callus which becomes noticeable by the fact 
that around the nail a very fine margin develops, about 1 
millimeter in width, because tho endosteal callus does 
' not grow so far as to touch the nail. 


In one single case in literature it was possible to 
observe a rarefaction of the corticalis in man after a 
nailing operation. The author owes this observation to en 
_ EHRLICH (Hindenburg) who had noticed it in a otherwise good 
. callus as a side-effect during one of his femur nailings. 


a So far, Similar observations have not been published. 
The author himself has observed such a center in the cor- 
» ticalis in only one siugle case. It was a simple trans- 

' verse tibia fracture in the lower third caused by the ex- 
_  plosion of a bomb, The patient (M.Sch. ) was 24 years old 
- -and seven days after the accident the marrow nail operation — 
_ was performed using a wedge~spread nail. Due to the fact 
' that a nail of the required length was not available a 

_ much longer: nail was provisionally shortened at the head 
by a locksmith. During this process the plating of the 
nail was slightly scratched. The operation was success- 
fully finished within a few minutes. In the beg ee the 


healing process was i eeagael ed normal. After a lapse o 
seven days the patient was able to get up and walk with- 


out difficulties. Three months after the na ,.iling however, 
the patient suffered continuous pains at the frontal plane 
of the tibia about a hand's breadth above the fracture 

site which decreased when lying down. At the above des- 
eribed spot we observed a fairly circular thickening of a-. 
bout half a centimeter of the periostcum which felt doughy. © 
In the center of this thickcnod area a fluctuation was 
noticeable. Considerable tenderness was observed and the 
whole picture seemed to indicate a subcutaneous abscess. 
_ ‘The eee a eae ovine however was not flushed end the 


ee, 
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The X-ray revealed an oval Shaped rarefaction of the cor- 
ticalis the size of two peas which is not in direct contact 
with the nail (see Illustration 29.) 


YOR aS 


on 


) 
| 
) 


ce 
== 


H) 


Vy ‘ 


S 


is 


= aa 
a1 / 


ey 


Tllustration 29. 


Oval rarefaction of the bone in the 

corticalis of the tibia after the 

marrow nailing. 

a) X-ray taken 3 months p.op. 

b) after the extraction of the nail 
4 months later. The location of 
the rarefaction corresponds ex- 
actly to a rust spot.on the nail. 

c) Picture of the extracted nail show- 
ing location of scratches in the 
plating and the exposure of the un- 
derlying metal. 


The formation of callus was excellent and a reaction of 

the periosteum up to the rarefaction was apparent. A par- 
ticularly ,strong reaction of the periosteum above the center 
Of rarefaction however can definitely not be observed. Such 
a reaction would have to be expected, if MAATZ's concept of 
the significance of the bore necrosis for the development of 
a periosteal reaction were correct. ' 


The nail shows a slight area of resorption. After con- 
finement to bed for 14 days the patient did not complain a- 
bout pins anymore, and the fluctuation had disappeared. 

The doughy swelling remained unaltered and a slight tan- 
derness persisted. Four months after the medullary nail- 
ing the marrow nail was extracted and we observed a reddish- 
brown rust spot the size of a bean which, as to its location, 
r. corresponded to the rarefaction zone in the X-ray (see Il- 
- lustration 29). It was only a rusting of the surface which 
' did not penetrate. On the medial preface of the lateral 

a nail there was also a superficial layer of rust. 14 days 
after the extraction of the nail the clinical symptoms sub- 
Sided and the patient did not complain about pains any more. 
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of the process. 


interesting histological findings are observed: There is 


which can be seen in the illustration. Both zones show an 


f the vessels takes place. The marrow sinuses are filled with Ne 
_ fresh marrow and coated with high palisade like upright osteo- 


osteoblast margins of the marrow sinuses enclose the fresh- 


terior main lamellae are in. some cases considerably enlarged. 


As to the temporal occurrence and to their appearance 
the pictures of the leaf spring experiments are absolutely 
equal to the thickening of the ulna of dogs which had been 
observed during the above mentioned experiments opposite 
to the resection site of the radius (see Illustration 13), 
so that there is no doubt that it is the same process in 
both cases. In both cases there is the same cause, a- 
sudden mechanical over-strain. 


The histological pictures also are absolutely identi-_ 
cal. 


During the leaf spring experiments the following most 


an enormous apposition of bone. The border of the exterior =~ 
layer of the old bone compacta is quite noticeable. While RES. 
the old compacta has a thickness of 2.1 mm, the thickness . hae 
of the superposed bone is 16 mm. It shows all signs of a he 
rapid and impetuous growth. Contrary to the old bone the 
newly grown bone is of desmogenic nature. It shows a very 
conspicuous regular structure with a radial arrangement of 
the bone trabeculae which converge to the center. The peri- 
osteum is thickened and part of it reaches into the interior 
of the bone in the shape of a cone and in accordance with 


the radial arrangement of the trabeculae. The regenerated 
bone is formed by the periosteum which can be incontestably 


recognized by the fact that the youngest parts of the bone 


are located at the exterior circumference and that from the ~~ 
periphery to the central parts the bone shows an increase in “ea 


age. The border between the old corticalis and the young 
tissue is distinctly visible. No proliferation of the old 
bone can be observed. : 


Two zones are clearly visible in the newly formed callus, © 


extremely precipitate growth. In the external layer the 
marrow sinuses are very narrow and they depend on the vessels 
of the periosteum. The older internal zone shows consider- 
ably larger marrow sinuses. Here the arrangement of the 

bone arises according to HAVER's system. In the border zone 
osteogens are observed. Here the secondary transform tion of 


blasts. In the external layer no process of reduction can 
be observed. At the same time we do not observe any osteo- 
blastic resorption of the bone but everywhere a precipitate 
formtion of new bone. The broad marrow sinuses show, in 


some case, considerable distended tightly filled lacunar 
blood vess@ls in which the blood is circulating. The high 


ly built bone substance which however does not or not en- 
tirely show the structure of an osteogen. The structure is > 
completely regular and no irregular lines - as for instance 
in PAG=T's disease- are observed. The whole marrow sinus es 
eseplays a marked radiating system which is due to the course © 
of the vessels. In this way it differs from the histologi-~ 

cal picture of the callus: observed in fractures. The ex- 


tae. - 


Their inner layers are partly open and extend to fresh marrow ~ 
east cee 
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Sinuses, The old bone marrow does not show an articular 
wetorati oe. Neither here nor elsewhere Ph £he Eone are 


hecroses, degenerating processes, or other symptoms of a 
damaging of the tissue observed. Only in the immediate 
vicinity of the nail is the tissue infiltrated with iron. 
A similar development takes its origin from the internal 
periosteum and this causes the marrow cavity to be filled 
with bone trabeculae (see Illustration 30). 


FL LUStration: 30. 


Cross section of the thigh-bone of a dog 
after the irritation of the marrow. 
I = thickness of the original corticalis. 
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- Both GREIFENSTEIN and RIX prepared exact histological 


~ . osteum which 


- ly forged of Ve2A-steel, or of chromium plated steel springs. 


, 


| ‘The histological pictures of the thickening of the 
ulna caused by the resection of the radius are striking- ane 
ly similar to those produced by the marrow leaf springs. > 


_ pictures in which attention is attracted by the regular 
structure of the cross section. The specific osteogenic 
layer of the periosteum proliferates. The inactive peri- 

te poor in cells forms a broad germinating 
layer or germinating internal layer (Keimbinnenschicht ) 
of osteoblasts under lively mitotic fission. The osteo- 
blasts produce an osteoid substance which contains no 
Calcium and in which they are enclosed so that after the 
onset of the process of calcification they are included 
in the regenerated bone as bone corpuscles. This perios- 
teal bone is superpased immediately upon the old corti- 
calis. It grows radially, encloses the vessels of the 
periosteum which in this way are included in the newly 
formed marrow sinuses, the walls of which are coated with 
epithelium like monostratal pees | of cubic osteoblasts. 
But also the formation of endosteal callus is considerable 
and it corresponds to our observations made in the above 
mentioned tests. 


Concerning the X-ray findings, there is also perfect 
agreement. In the X-rays the development of endosteal 
callus can also be observed. The blurring of the delimi- 
' tation of the corticalis and the development of spotted 
' and striated rarefactions are in an absolute agreement. 


The callus formed after marrow nailing very distant 
from the fracture site is absolutely identical in appearance me 
with the callus observed in the above mentioned experi- ee 
ments. Sometimes they are superpositions with a distinct e 
1-2 mm broau margin containing no calcium between the 
callus and the corticalis. In most of the cases, thick 
masses of callus are directly superposed upon the bone. 
This can by no means be compared with the formations of 
Callus developing in the marrow cavity particularly at 


According to the above described experiments there is 


no doubt that the oo ipa hod ag Bg A er at the described 
Spots result from the mechanical irritation of the noil.e The 


marrow nail has the shape of a V, two sides of which some- 


3 What approach each other elastically through rigorously knock 
me ang the nail into the marrow qaeite. A Peete ant pressure 


| of the two legs of the nail causes the mechanical irritation. 


Each of the above described leaf springs was individual- 


_ The "elastic force” of the V2a-steel was only slight. As was 

_ shown by numerous preliminary tests, however, this material 

' did not display any recognizeable chemical effects in the 

_ marrow cavity, so that this can be excluded. The steel © 

_ Springs plated with chromium were considerably stronger. With 

_ these however, there wes the danger of injuring the chromium 
plating when knocking them in so that considerable chemical ee 

_ effects had to be taken into account. As a matter of fact it ~~ 

_ Was revealed that these chemical effects release the same i. 
irritation. In the above mentioned experiments a thin wire 

made of iron or a piece of a nickel plated bone saw blade 

was sufficient to stimulate the formation of callus (see 
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It is striking that at 
those spots at which the wires 
are nearest to the corticalis 
the strongest formatior of 
callus are observed. In this 
connection best results are 
obtained by using zig-zag- 
wires. We have to deal with 
a chemical effect which is 
the stronger the less Valuable 
the metal is in the potential 
series. The effect is strong- 
est by using two different 
metals as for instance iron 
and nickel. Valuable metals 
as for instance pure chromium 
or copper, do not produce such 
changese Copper causes even 
a resorption margin at the 
spot of contact with the 
spongiosa of the tibia head 
wiich probably is due to the 
poisonous effects of the cop- 
per ions. Consequently ef- 
fects of the above described 
kind are caused by the pre- 
coe sence of metallic ions and 
Illustration 31. not by the shifting of the 


‘ : é hydrogen ion concentration. 
Proliferation of callus caused All this may be well demon- 


ice irritati of the : ‘ 
thin wire. Eight weeks after bodies into the marrow cavity 
hs 4 Pometon tate the tibta which with the same distance 
ap aunatad ors from the endosteum deliver 


more metal salts to one side. 

After the insertion of a saw- 
blade for instance we see much more callus at the side of the 
saw teeth (see Illustration 32). 


It seems unnecessary to deal with the question of whether 
or not the above described alterations have’to be considered 
as callus. According to the temporal course of these changes, 
accarding to the X-rays and the histological pictures there 
Cannot be any doubt about the fact that we have to deal with 
the same changes which are observed after a bone fracture. 


Also We MUELLER describcs the above msntioned thicken- 
ings of the ulna as “callus without fracture", 


Formations of callus without fracture are most frequent- 
ly observed after subperiosteal hematomas which are particula 
ly observed on the skull of children and in the tibia. fMThis 
callus, however, is limited to the area of the hematoma and 
therefore no metastatic effect is obscrved,. 


According to the above irritation experiments some of 
the periosteal appositions and similar changes which for in- 
Stance occur in the marrow cavity (as for instance with tu- 
mors) were to be considered as due to a Similar chemical or 


' mechanical irritation. In those cases the entire process is 


enacted beginning with the precipitate proliferation of cal- 
lus and ending with the deposition of calcium. It is quite 
possible to release this process a second time. The author 


ly as iad Aa ae Rel ty 
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he 


was in a position to prove in 
alk year old patient that 
processes of this kind take 
place also from the clinical 
point of view. For half a 

year the patient had complained 
about indefinite pains in the 
distal end of the right arm ae 
bove the elbow with moderate 
painfulness of the bone at 

that spot... An X-ray revealed 
that we had to deal with pe- 
riostcal appositions which were 
piled up in several layers si- 
Milar to the skins of an onion. 
(see Illustration 33), 


Tllustreation 32-6 
Tibia of the dog. Unequal 
formation of callus due to 
the insertion of a saw blade 
into the marrow cavity. 


There is no doubt about 
he fact that in this case a 
medullar irritation had de- 
veloped which was repeated 
several times. The cause for 
these conditions of irri- 


Illustration 33. tation could not be found 
Layers of callus deposited despite most thorough clini- 
like onion skins one upon cal examinations. Complete 
another due to periodical healing was obtained with- 
irritation of the marrowe out any particular treat- 
{personal observation). mont. 


The elastic marrow nail 
or more easily the “irritcting wire" are the means to produce 
enormous quantities of cnllus which cannot be obtained by any 
other way. Through such an irritation the bone is so to spea 
animated and enormous proliferation of cells is stimulated. 
This method seems to be simple and without any harmful effect 
because 2s in marrow nailings a metal wire is inserted per- 
cutaneously into the marrow eavity. Thus the bone itself 


ee be eee ce i Pee ac extant Cais movhen | aeans. ae 
0 be absolutely harmless and in no case did a failure re- = 
ete 7 is * 
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MAATZ, found in numerous experiments that effects of 
this kind cannot be obtained in 01d dogs. REICH however 
“scrutinized a great many clinical cases of marrow nail _ 
operations and observed that the formation of stimulated 
callus decreases markedly with increasing age but that 

m crfects of the described kind can still be clearly ob- 
served also in persons older than 40 years. This is in’ 
conformity with my personal observations. 


This nethod secms to be particularly suitable fo ait 
cases of delayed fracture healing and for the treatment ¢ 
Me cuderthrosis. I must point however to the fact that the 
only thing to be obtained in this way is to release again 

the mechanism of callus formation. 

Due to the fact that the development of a pseudar- 
throsis principally is not caused by lack of callus but 
by mechanical conditions an essential part of the thorapy 
in those cases is a simultaneous solid mechanical fixation, 
i.e. a marrow nailing. In most of the cases a marrow nail- 

a ine can be obtained only by an operative treatment (see 
- Chapter VI F) because the marrow cavities are closed by 
bone. In caSes of this kind the opening of the bone as a 

a considerable stimulus suffices to release the callus form- 

a ing mechanisn. Consequently the author does not dispose 
of practical experiences in this connection despite an a- 
bundant amount of clinical material at hand. Good clinical 
_ experiences were published by STOEHR from the clinic at 


“Marburg who had used a zincplated copper wire for producing 
a strong irritation. MAATZ has used a zincplated marrow Re 
nail for the treatment of pseudarthrosis of the leg and he i 
has observed enormous quantities of callus which extended 
es one the entire length of the nail. The fracture cleft 
a DT owever was not bridged over by callus and he had the in- 
| possi that the chemical irritation had to be blamed for 
>. ha . 
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en 


: All these tests give a noteworthy insight in the pro- 
_ cesses taking place during the formation of callus. The 
stimulating foreign bodies are scated in the marrow and so it. 
ems that through its irritation the bone is animted to 
produce callus. This would correspond to BIER's concept 

who attributes the leading part to the influence of the 

one marrowe In this way the marrow would have a formative. 
fect upon the callus similar to the "organizer" of SPEMANN. 
t is striking, however, to observe the clearly demonstrable 
ct that the nearer the wire is to the endosteum or to the 


orticalis, the better is the fdrmation of callus. All this _ 
however is easily explained: 


‘Under the supposition that the stimulating effect of 
und wire extends squally to all sides, the irritating 
fect in the cavity must decrease ina "direct proportion 
the square of the distance which can be proved fairly 
urately by a series of X-rays. Sw wo have to deal with 
3 of the mre cases in which a biological process can be 
ulated accurately. This means that in this method of ae 
ucing callus by stimulation there is something absolutely 


_ regular which can be repeated time and again in the same 
_ way. This mathematical proof that the stimulating effect 
_ of the wire extends equally to all sides says nothing a- 
bout the nature of the stimulus and its conduction. There 
are five possibilities: 


1. Electric currents may extend in much the same way. 


2. A hormon produced in the marrow cavity could diffuse 
regularly into the surroundings but this seems to be 
very improbable. The interpretation of MARTIN who 


holds that the thickening of the ulna opposite the 
resection site is a sympathetic reaction and ex- 


plains it by the influence of an infiltrating hor- 
mon would then be correct. 


3. A stimulation of the cells originating from the mar- 
row could have the same extension. [In the bone sub- 
stance which does not contain any nerves the bone 
cells with their prolongations would take over the 
conduction of the irritation. According t PETERSEN 
these cells represent the only conduction system of 
the bone for stimuli. 


he A chemical irritation originating from the wire 
(such as a metal salt) might diffuse from the wire 
to all sides and cause and stimulate the periosteum 
to produce callus. 


5. The bone substance itself is stimulated cither by 
the pressure of the spring seated in the marrow 
cavity or by the chemical effect of the metal salts 
and forms either callus itself or causes the peri- 
osteum to do thet. 


' Theory 1 can easily be excluded by giving the electric 
currents a particular direction which is most easily achieved 
by bending the wire projecting from the bone in the downward 
direction and inserting it into the tissue so that it runs a- 
long the bone at its exterior. In no case was it possible 
to prove such an effcct of the bent wire. After the first 
nailing operations it was possible to prove that a hormon 
develops in the marrow cavity. In many cases we observed 
a formation of bone substance on theheads of’ the nails pro- 
jecting from the bone, the socalled "little hat". The ap- 
pearance of those "hats" my be explained in this way that 
some drops of fat escaping from the marrow cavity run a- 
long the slot of the nail and cause a formation of bone as 
soon as they touch the connective tissue. Histological in- 
spection reveals that those little "hats" consist of bone 
Eissuc which is interspersed with thick connective tissue 
tracts. There is in question either_connective tissue @& 
cartilaginous preformed callus (see Illustration 34). 


According to BOEHLER this bone sometimes has the 
shape of a ring. The author observed such a bony ring in 
one case only. 


BOEHLER does not agree with 
the opinion of this author. He 
believes that also cellular 
substance of the marrow playa 
an important part for the for- 
mation of the osseous hats which 
are displaced during the nail- 
ing operation. The author does 
not doubt that the escaping 
marrow is of importance in 
connection with the bone frac- 
ture. 


Dislocations do not take 
place during the nailing oper- 
ation and thus good comparative 
examinations may be made of 
the various types of callus 
which, because of the innumer- 
able types of callus, other- 
wise would be much more dif- 
ficult. 


So, according to ALSLEV's 
findings, made in about 100 
marrow nailing operations, only 
four different groups must be 
distinguisheds 


rae * 
Iilustration 34. 1. Cloudy callus, 


Little "bone hat" grown on a 
marrow nail due to the stinm- 
ulation of the connective 
tissue caused by escaped 
medullar substance (personal 3. Formation of callus with 
observation). preférence for one side, 


e£e Smaller amount of cal- 
lus with an ideal reposition and 
a quick healing process, 


he Extensive reaction of 
the periosteum. 


In case of cloudy callus we see unusually extensive mas- 
ses of callus which, however, are less marked in the X-raye 
fhis type of callus may sometimes be observed in cases of 
fractures with numerous small fragments which are not treated 
with the marrow nail method. In marrow nailed fractures 
this callus is observed also without the presence of several 
fragments but only in thigh fractures. According to the ob- 
servations made by GRIESSMANN and SCHUETTEMEYER this type of 
Callus was observed not even once in marrow nailed leg frac- 
tures. 


The second type is frequently observed in marrow nailed 
leg fractures. In 35 out of 43 cases of nailed frosh leg 
fractures GRIESSMANN and SCHUETTEMEYER observed this special 
type of callus. In four cases a very extensive reaction ex- 
tending beyond the fracture site was observed in the sense of 
the fourth group. This special type represents the chemical- 
mechanical reaction of the bone to the mrrow nail already 
described in detail. ‘A chemical reaction is more liable to 
develop with double nails because of the increase of the a- 
bove mentioned chemical destruction through the effect of 
friction. A clearly visible mechanically caused reaction is 


OO" = 


observed only in those cases in which the pressure on the 
plane is very strong as for instance in that case in which 
the entire pressure is concentrated at the nail tip. 


In two cases the author observed "marrow callus" lo- 
cated in the marrow cavity. In those two cases the femur | 
had to be shortened so much that the marrow nail remained 


eran loose. The X-ray showed the way of _the nail tip 
see Illustration 35 f). Sometimes we see also a marked 


endosteal formation of callus (s6e Illustration 35d) which 
frequently is so Sharply defined and rich in calcium that 
they give the impression of sequestra. There are, how- 
ever no seguestra but living bone which can be established 
beyond any doubt after further thorough study of this 
phenomenon. 


Illustration 35. 
The different types of callus 
in marrow nailed bones accord- 
ing to ASLEV. 
a) cloudy callus 
b) slight formation of callus 
after ideal reposition and 
quick healing. 


35¢ 354 35e 
Formation of callus Extensive reaction Endosteal callus 
with preference for of the periosteum with the nail 
one side Slightly loose 


The above mentioned 
cloudy callus produces the 
impression that its develop- 
ment is at least partially 
due to the escape of marrow 
substance. Logically some 
marrow substance must escape 
from the fracture cleft and 
from the insertion site, i.@. 
about as much as equals the 
volume of the marrow nail. 
The insertion of a 30 centi- 
meter long and 9 millimeter 
thick femur nail will result 
» in the displacement of about 
20 cubic centimeters, which 

'is easy to show by putting 
such a nail in a measuring 
glass filled with water. 


In these tests however 
the marrow is of no importance 
mat all! The masses of callus 
7 develop also in much the Same 
_ shape and with the same speed 
»by the stimulating effect of 


oho ae 
Marrow callus at the marrow 


"wires, etc. if the bone marrow nail tip. 


e 
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and the endosteum is entirely scraped out by means of an 
eaeeangad which is easily done from the tip of the tro- 
chanter. 


_ We must however take into consideration that accord- 
ing to WALTER HOEFER's and SCHRALM's findings in their 
demarrowing tests of human bones in cases of pernicious 
anemia, the marrow regenerates extremely quickly. But 
even as early as after two weeks, i.e. at a time when 
the marrow shows only a slight regeneration, an abundant 
formation of callus is observed in the X-ray. The des- 
truction of the marrow alone, during which process a 
particularly large amount of hormons should be released, 
does in no way cause the above mentioned formation of 
Callus. Finally the author made some dog experiments in 
which the marrow cavities were entirely filled up wth 
wires of V2A steel or glass rods. In the course of one 
year they caused no change of the bone. After that the 
non-irritating V2A-steel and the glassrods were replaced 
by zine-plated iron wire and immediately an abundant for- 
mation of callus ensued. The fact that the marrow itself 
is not necessary to produce these peculiar effects may be 
proved in the following very simple way: If the marrow 
cavity is filled with as many wires of V2A-steel as will 
fit into it, no callus is formed, because neither a che- 
mical nor a mechanical irritation is called forth. If, 
however, a thicker peg made of V2A-steel is driven into 
the bunch of the wires, the marrow cavity will be sub- 
jected to pressure as a result of the elasticity of the 
medullar tube and an ample amount of callus was formed. 


The possibility must be borne in mind that a chemical 
stimulation of the periosteum might be provoked by a wire 
A) inserted into the marrow cavity. On the other hand we know 
; from daily experiences that metal splinters located out- 

side the bone at a moderate distance from the periosteum 
are not able to provoke a noteworthy formation of callus. 
Callus may be produced by inserting a piece of metal, 
preferably Sirs Sela poet betwecn the bone and the periosteum 
as was recently demonstrated by NOGARA. The amount of 
callus produced in this way is by no means as large as 
that formed in our experiments. Furthermore it is in- 

_ probable that the mechanical irritation penetrates the 
bone and acts upon the periosteum. The distension of the 
periosteum obtained in this way is extremely slight, while 
on the other hand the presence of such a distension is in- 

» dispensable for the callus formation, In a certain number 

' of experiments the periosteum in young and old dogs was 

either stripped or scratched off to the extent of 2-3 om. 

and we observed that the above mentioned effects did not 
develop in this region. It is not likely that the re- 
duction of the blood supply to the involved part of the 
bone is sufficient to cause a failure of the callus to 
appear, as the damage done through the scratching off is 
not great enough. | 


Besides, the above described histological pictures 
indicate that this new bone is formed only by the peri- 
ostcum. After all this there is only one explanation and 
that is the one mentioned under theory number 5 which says 
that the bone substance itself is irritated either chemically 
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or mechanically and that that bone substance causes the 
periosteum to form the cnormous amount of callus. 


This is in conformity with old experiments of trans- 
plantation made by BARTH which proved that after the se- 
paration of the periosteum from the bone a very slight 
formation of callus is observed, notably in all those 
eg which the periosteum no longer touches the bone 
Closely. 


The formation of callus in the ulna of the dog which, 

aS was shown, represents the same phenomenon, likewise re- 
Sults from the direct mechanical irritation of the bone sub- 
stance by increased strain near the resection site. Similar 
to the findings in experiments made with medullar leaf springs 


the bhicken ings observed in this case must be considered as a 
‘functional hypertrophy. The above described tests there- 


fore permit a very intcresting insight into the mechanism 
of this process. 


There are no objections to applying the above mentioned 
ale ngs to the process taking place in the bone during the 
» *’ healing of a fracture. Here too, the most important thing 

| --is the stimulation of the bone substance and the solitary 
effect of the trauma seems to be sufficient. Through HAASE'sS 
investigations we are informed that. in the vicinity of the 
fracture site there are zones of very strong mechanical 
Stress, the so-called zones of disorganization, in which 

the irritated bone substance causes the periosteum as well 

as the’ endosteum to form callus. Similar strong stimuli of 
the bone’ substance may be produced by BECK's drilling, BRAN- 
DIS' sawing or KIRSCHNIR's splitting method. Without that 
stimulus upon the bone the SSE She is not.in a position 

to form any noteworthy quantities of callus. All this is in 
conformity with the experiments of periosteal transplantation. 
Periosteum tztanéplen tes without, bone substance cannot form 
any bone. To.the most*various chemical, mechanical or ther- 
‘mal etc. stimuli the’ bone responds with one single reaction 

. only, namely with the.process of callus formation. 
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. "The further fate. of. the callus’ is determined by the 
.,mechanical conditions: at the fracture site, which were des- 


_ eribed in detail in. the foregoing chapter’. : 


‘The results obtained in the above described experiments 
seem to be very suitable to clear the differerice of opinion 
between BIER and LEX2R on the formation of callus. They a- 
gree with the view of numerous authors who attribute the 
greater significance to the bone substance. 


They are in conformity with O. MAIER'ts findings who, 
by inserting a bolt made of magnesium into the fracture 


cleft, observed an increased formation of callus. 


For the marrow nailing all these experiments are of 


ytmost importance. Therefore they had to be put in the 
Oreground in this publication.. On the one hand they show 


that even in those cases in which the marrow cavity had 
been filled up with foreign bodies which were left there 
for years, a damaging effect upon the bone has not been Ob- 
served, and that an abundant callus was formed. Last of 
all it was mserved in the dog experiments of the author in 


“which rel fiskal> Peaetores were are N either ibe Pere 
ing thin leaf-spring nails or massive round nails which | 
entirely filled the marrow cavity. As to the formtion 
of callus a marked difference could not be observed in | 
either experimental series. It was proved how important ea 
the part of the periosteum is in connection with the form= 
ation of callus, the latter being not oly not hampered : 
but actually called forth by the nail even when there is 
_ no fracture. Through the selection of the material of the  ~— 
- nail the surgeon is even in a position to provoke the form= 
ation of normal or excessive callus. The marrow nail.can- | 
not injure the periosteum because it does not touch it. 
If the marrow nail is used employing this idea, an entirely 
new operative technique may be developed which preserves 
the periosteum to the utmost extent. Its contact with the 
_ bone and if possible, also with the musculature and the 
- other soft parts is maintained so that the hitherto used 
_ principle of subperiosteal operation, as. Suggested by 7 
| LANGENBECK, is no longer required. It is fei. quite in- 
applicable when using wire loops, LANE's plates, etc, ies 
which will be referred to in detail in chapter VI A b. 


MAATZ regards as the most Significant result of the 
Callus proliferations observed in the experiments the oc- 
_ currence of the circumscribed bone necroses to be recog- nee 
nized in the histological pictures. In any part of the al 
body decayed tissue doubtlessly has a stimulating effect 0 
which results in a marked proliferation of tissue of the 
' same kind, as referred to by BIER in his publication on 
s the nesro-hormons. Necrosis of that kind, however, is 
' not necessarily required for the explanation of the de-~ 
_ velopment of such symptoms. Probably living bone also. 
' shows similar effects. Finally this problem is of minor 


importance. But clear evidence was provided by the ex-. 
periments that the substance causing the ossification of 


the callus neither originates in the marrow nor in the 
periosteum but in the bone itself. 


This agrees with LEVANDER's experiments dune katmed’ bys 
_ ANNERTSEN. Both of them succeeded in extracting a substance 
_. from the bone by means of alcohol, ether or benzol, which a 
' is fat soluble and specific for the species, Its injection 
into the musculature provokes the formation of bore. It is 


thermostable up to 73 C. Similar ossifications were obtained | 
by HENSCHEN , who injected bone autolysates. Furthermore 
this is in conformity with the experience that bone trans+ 
planted without periosteum (see Chapter V 1) also causes 
the formation of bone, while the injection of the dis- 
solved calcium salts of the bone show no such effects. 


ote 
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The great significance of the periosteum is implied 
_ in the fact that the blood vessels of the bone take its 
q origin from ite In itself it has not the capacity to form 
bone. In all tests in which only the periosteum of adult 
animals was incontestably transplanted no formation of bone 
_ was obtained. The periosteum of the bone invariably dis- | 
appears and after several days it is replaced by new con- ah 
Mscctive tissue from the adjoining parts. In this way a 
quicker connection with the surroundings is obtained. This 
may explain its superiority over the grafts not covered by 
-perios eume With the CARREI-culture medium periosteum 
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does not form any bone, but only connective tissue. | 
The above described histological pictures show clear- — 
_ ly that the formation of the new bone is adjusted according ~ 
_ to the rapidly proliferating vasoformative elements of the 
periosteal vessels. According to LAUCHE the direction and 

_ the arrangement of the vasoformative elements determines 

' the course of the future bone trabeculae. These vaso- 
formative elements produce a mesenchymal germ-tissue which 
is by no means specific and which only under the influence © 
of the agent produced by the bone substance is differenti-_ 
' ated into bone tissue. 


The vessels are particularly sensitive to X-rays and 
_ the failure of callus to develop after irritation with X- 
_ ray is in accordance with this fact. 


q It is a matter of course that also the vessels in the 
immediate environment of the fracture form vasoformative 
elements of that kind which likewise produce such a germ- 
inative tissue. ; 
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s Thus we observe that few days after a fresh fracture 

_ the partly liquid, partly coagulated fracture hematoma is. 
rapidly filled with fibrous germinative tissue, which in 
this phase looks like a simple fresh wound. 


‘arate 2h Pope hay abhor of this mesenchymal tissue is caused 
by the acidification resulting from the inflammation due to 


q mechanical factors. 
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After every severe trauma and particularly after a a 
fracture we sce a Jocal inflammation the so-callied"mechanicalin- 
flanmation with allits charactcristic symptoms.The initial nature — 
of the inflammation is the excessively increased metabolism, 
and, as to the physico-chemical background a shifting of 

_ the ion-equilibrium to the acid side stands to the fore as 
well as an increase of the K-ions. This shifting is the 

' result of the failure of the local regulatory processes in By 
_ front of the increased metabolism. The alteration of the he 

' ion-equilibrium may even cause such a condition that the : 
' cells are deprived of their vital necessities. We know 

that every cell is fit to live only within strictly limited 

_ physico-chemical constants, the so-called eucolloidal equi- 

librium (according to H. SCHADE). Due to the necrobiosis of 

_ the cells strongly active substances are formed as for in- 

| stance Leuzin and Tyrosin, free and volatile fatty acids. 

» In case of a fracture this necrobiosis of the cells part- 

' ly is primarily initiated by the mechanical destruction of 

_ the cells. The firal products of the increased metabolism 

_ are mainly acid products of dissimilation such as organic 

_ acids, and CO. ‘The K-ions originate from the interior 

' of the cells. Their inciease acts in the sense of a vagus- 

excitation and thus causes a vasodilatation. After the in- 
vestigations of FLEISCH, ATZLER, LEHMANN and other authors 

we know that even an extremely small increase of acidity 
causes a’ considerable Siietation of the capillaries. Fur- 
thermore, according to H. SCHADE's experiments the increase 
of the pH-values is a very effective stimulus for the mul- 
tiplication of the connective tissue cells. 
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by 0.2 - 0.4 pH from the third to the fifth day on, lasting 


Callus in 


the bicarbonate. This alkalization favors the precipitation 


-erease markedly and constantly in a way similar to the se- 


' on the healing. The intervention itself should be as small 


ters VI and VII. Finally any repeated reposition and sud- 
' den movement in the fracture site must be considered as a 
4 ee eeyocehems al disturbance of the eucolloidal state of 


This hyperemia probably is promoted by histamine and 
trebylcholin which in all cases of tissue injuries are ipa 
liberated causing vaso-dilatation. According to WATSON- hh 
JONES and ROBERTS each hyperemia causes a resorption of 
the bone at the ends of the fragments with a transport of 
Calcium into the surroundings. This process comes toa 
standstill only if the hyperemia subsides. 


During the period of development of the germinative 
tissue and the resorption of the bone a consttoeatts acidi- 
fication of the tissue of the fracture site 1S oObServablee 
GOETZE observed in juvenile callus higher pH-values in 
comparison to normal bone by means of indicators. GREUNE 
inserted cotton threads impregnated with indicators into —_ 
the fracture site and observed a shifting to the acid side ~ 


into the third week. 


ANNERTSEN observed pH-values of 7.5 by means of e- 
lectrometric and gasometric measurements on the fourth day. 


This acidification during the stage of formation of 
Bor ainative tissue 1s reversed into a considerable al- 
alization during the stage of the differentiation of the 
o bone tissue. According to VON KORFF as we as 


K. SCHMITZ the first phase of callus formation is strongly 
basophilic, while the second stage is strongly acidophilic. ; 
ANNERTSEN also observed a considerable alkalization during e 
the second stage. On the 24th day he observed a pH-value ones 
of about 9.0 . At the same time there is an increase of 


of tertiary calcium phosphate which is the principal con- we 
stituent of the bone salt (bone salt is a multiple apatite Bo 
which besides calcium phosphate Caz (PO4)2 also contains Pe 
calcium carbonate and calcium hydréxide). During the 
differentiation this salt is precipitated at first as ie 
coarse granules in the provisional callus. In the final a 
callus it is converted into a fine crystalline form. Dur- oe 
ing the precipitation the organic substance is of importance, 
which is clearly shown by the fact that with an increase of 
the precipitation the nitrogen content is also increased. 


Operation on a fracture means the revival of the "me- 
chanical" inflammation. Actually Ke SCHMITZ was in a po- 
sition to prove that during an operation the pH-values in- 


condary healing of wounds which is in conformity with GOETZE's 
and BRACHERT's histological investigations. This is of ut- 
most i:portance to determine the correct time of operation, 
(which therefore should be performed during the basophilic | 
phase at the beginning of the third week), and also to de- 
termine the indication for operation and to gain an opinion 


and short as possible so that the damages observed during io 


secondary hedl ing do not come too much into the foreground. 
Detailed descriptions of this problem may be found in chap- 


ts tissue cells. 


Mihece is no anton: about the fact that micepheeus ts” 
also of considerable importance in connection with the | 
processes taking place in the bone during the healing. Ac- 
- cording to BOTTERELL and KING the phosphatase content in 
the callus is increased 6-8 fold. Phosphatase releases a 
_ phosphate from the organically bound phosphoric acid and 
it causes an oversaturation with calcium phosphate of the 
tissues surrounding the fracture. The detailed discussion 
of these processes would overstep the limits of this book. 


- With the reduction of the pH-values to normal ands pe: 
after the definite structure of the callus was formed the auto- 
 matism of callus formation is run down. a second start of oy 
the automatism can be accomplished only by producing the con~ 
_ ditions of the first phase, i.e. by acidification and pro- | 
ee ree ion of the tissuc. 
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